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Genes And Polynucleotides Associated With Ultraviolet 
Radiation-Mediated Skin Damage And Uses Thereof 

This application claims priority from provisional application Serial No. 60/155,029, 
filed September 20, 1999, which is incorporated herein by reference in its entirety. 
5 1. Field of the Invention 

The invention provides novel polynucleotides, and their encoded gene products, that 
are expressed in skin cells, particularly keratinocytes, and methods of using the same. 
Specifically, the present invention relates to novel protein kinases that are c-Jun N-terminal 
kinase kinase kinases (JNKKKs). In addition, the invention provides methods of using the 

10 novel polynucleotides and their encoded products in drug discovery, particularly in screening 
for drugs that can reduce ultraviolet light-induced damage of the skin, inflammation and 
psoriasis, and drugs that can enhance wound healing. 

2. Background of the invention 
Many extracellular signals, such as light, growth factors, cytokines and chemical or 

15 physical stresses, activate multi-tiered kinase cascades in the cytoplasm of cells. For 
example, a growth factor such as epidermal growth factor (EGF) will bind to its cognate 
receptor on the cell surface, thereby activating the intercellular protein ras, which Is 
associated with the cytoplasmic portion of the cell surface receptor. Ras phosphorylates and 
thereby activates raf1. a mitogen-activated protein kinase kinase kinase (MAPKKK). Raf1 

20 then induces (also by phosphorylation) the activation of mitogen-activated protein kinase 
kinases (MEKs), which in turn phosphorylate extracellular signal regulated kinases (ERKs). 
When phosphorylated, ERKs translocate to the nucleus where they phosphorylate and thus 
activate transcription factors such as stress activated protein kinase 1 (SAP1) and ternary 
complex factor Elkl. See, e.g., Fanger et al., 1997, Current Opin. Genet. Dev. 7:67-74. 

25 Stress (such as heat and ultraviolet (UV) light) and cytokines (such as TNF- and IL-1 ) 

activate their own sets of kinase-kinase-kinases, termed JNKKKs. These, in turn, act on 
specific JNKKs. which activate c-Jun-N terminal kinase (JNK) and p38. The last two kinases 
enter the nucleus, where they phosphorylate and activate transcription factors. See, e.g., 
Diene et al., 1997, PNAS 94:9687-92. 

30 Most of the initial events in the cellular responses to different stresses have not been 

elucidated so far. However, it is clear that different extracellular signals activate different 
members of the JNKKK family. Thus, some JNKKKs are specifically responsive to TNF-a, 
others to osmotic shock, yet others to UV illumination. Diene et al., 1997, above; Raingeaud 
et al., 1995, J. Biol. Chem. 270:7420-6. 

35 Skin cells such as keratinocytes are particularly susceptible to ultraviolet radiation 

damage. However, very little is known about how keratinocytes respond to ultraviolet 
radiation stress. Manipulation of keratinocyte responses to environmental stress could result 
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in therapies for a wide variety of skin disorders, as well as cosmetic uses. 

Therefore, there is a great need in the art to elucidate the connponents involved in 
keratinocyte signal transduction that can be used as targets for drug screening. Accordingly, 
this invention provides several novel JNKKKs expressed by keratinocytes and involved in the 
5 cellular response to ultraviolet radiation, and uses thereof. 

3. Summary of the Invention 
The present invention relates to polynucleotide molecules having nucleotide 
sequences that encode portions of several novel JNKKK gene products including an MLK4 
kinase, a PAK4 kinase, a PAK5 kinase, and a YSK2 kinase, as well as the amino acid 
10 sequences encoded by these polynucleotide sequences. The present invention further 
relates to polynucleotide molecules having nucleotide sequences that encode a PAK5 kinase. 

In one aspect, the invention provides an isolated polynucleotide molecule comprising 
a nucleotide sequence encoding a portion of a human MLK4 gene product. In a preferred 
embodiment, the portion of the MLK4 gene product comprises the amino acid sequence of 
15 SEQ ID NO:2. In a non-limiting embodiment, the isolated polynucleotide molecule of the 
present invention comprises the nucleotide sequence of SEQ ID NO:1 . 

The present invention further provides an isolated polynucleotide molecule that is 
homologous to a polynucleotide molecule comprising the nucleotide sequence of SEQ ID 
NO:1. The present invention further provides an isolated polynucleotide molecule comprising 
20 a nucleotide sequence that encodes a polypeptide having an amino acid sequence that is 
homologous to the amino acid sequence of SEQ ID NO:2. 

The present invention further provides an isolated polynucleotide molecule consisting 
of a nucleotide sequence that is a substantial portion of any of the aforementioned MLK4- 
related polynucleotide molecules of the present invention. In a preferred embodiment, the 
25 substantial portion of the MLK4-related polynucleotide molecule consists of a nucleotide 
sequence that encodes a peptide fragment of a human MLK4 gene product or MLK4-related 
homologous polypeptide of the present invention. In a specific though non-limiting 
embodiment, the present invention provides a polynucleotide molecule consisting of a 
nucleotide sequence encoding a peptide fragment consisting of a sub-sequence of the amino 
30 acid sequence of SEQ ID NO:2. 

In another aspect, the Invention provides an isolated polynucleotide molecule 
comprising a nucleotide sequence encoding a portion of a human PAK4 gene. In a preferred 
embodiment, the portion of the PAK4 gene product comprises the amino acid sequence of 
SEQ ID NO:4. In a non-limiting embodiment, the isolated polynucleotide molecule of the 
35 present invention comprises the nucleotide sequence of SEQ ID NO:3. 

The present invention further provides an isolated polynucleotide molecule that is 
homologous to a polynucleotide molecule comprising the nucleotide sequence of SEQ ID 



NO:3. The present invention furtlier provides an isolated polynucleotide molecule comprising 
a nucleotide sequence that encodes a polypeptide having an amino acid sequence that is 
homologous to the amino acid sequence of SEQ ID NO:4. 

The present invention further provides an isolated polynucleotide molecule consisting 
of a nucleotide sequence that is a substantial portion of any of the aforementioned PAK4- 
related polynucleotide molecules of the present invention. In a preferred embodiment, the 
substantial portion of the PAK4-re!ated polynucleotide molecule consists of a nucleotide 
sequence that encodes a peptide fragment of a human PAK4 gene product or PAK4-related 
homologous polypeptide of the present invention. In a specific though non-limiting 
embodiment, the present invention provides a polynucleotide molecule consisting of a 
nucleotide sequence encoding a peptide fragment consisting of a sub-sequence of the amino 
acid sequence of SEQ ID NO:4. 

In another aspect, the invention provides an isolated polynucleotide molecule 
comprising a nucleotide sequence encoding a portion of a human PAK5 gene product. In a 
preferred embodiment, the portion of the PAK5 gene product comprises the amino acid 
sequence of SEQ ID NO:6. In a non-limiting embodiment, the isolated polynucleotide 
molecule encoding the amino acid sequence of SEQ ID NO:6 comprises the nucleotide 
sequence of SEQ ID NO:5. 

In another aspect, invention provides an isolated polynucleotide molecule comprising 
a portion of the nucleotide sequence of the human PAK5 gene, which portion encodes a 
polypeptide comprising the amino acid sequence of SEQ ID NO:8. In a non-limiting 
embodiment, the isolated polynucleotide molecule encoding the amino acid sequence of SEQ 
ID NO:8 comprises the nucleotide sequence of SEQ ID NO:7. 

The present invention further provides an isolated polynucleotide molecule that is 
homologous to a polynucleotide molecule comprising the nucleotide sequence of SEQ ID 
NO:5 or SEQ ID NO:7. The present invention further provides an isolated polynucleotide 
molecule comprising a nucleotide sequence that encodes a polypeptide having an amino acid 
sequence that is homologous to the amino acid sequence of SEQ ID NO:6 or SEQ ID NO:8. 

In another aspect, the invention provides an isolated polynucleotide molecule 
comprising a nucleotide sequence encoding the complete human PAK5 gene product having 
the amino acid sequence of SEQ ID NO:10. In a preferred embodiment, the polynucleotide 
molecule comprises the nucleotide sequence of SEQ ID NO:9 from nt 199 to nt 2244. which 
represents the ORF of the cDNA. In another non-limiting embodiment, the isolated 
polynucleotide molecule encoding the complete human PAK5 gene product comprises the 
nucleotide sequence of the ORF of SEQ ID NO:1 1 from nt 6125 to nt 1 7,433. 

The present invention further provides an isolated polynucleotide molecule that is 
homologous to a polynucleotide molecule comprising the nucleotide sequence of SEQ ID 



NO:9 or SEQ ID NO:11. 

The present invention further provides an isolated polynucleotide molecule consisting 
of a nucleotide sequence that is a substantial portion of any of the aforennentioned PAK5- 
related polynucleotide molecules of the present invention. In a preferred embodiment, the 
substantial portion of the PAK5-related polynucleotide molecule consists of a nucleotide 
sequence that encodes a peptide fragment of a human PAK5 gene product or PAK5-related 
homologous polypeptide of the present invention. 

In another aspect, the invention provides an isolated polynucleotide molecule 
comprising a nucleotide sequence encoding a portion of a human YSK2 gene product. In a 
preferred embodiment, the portion of the YSK2 gene product comprises the amino acid 
sequence of SEQ ID NO:13. In a non-limlting embodiment, the isolated polynucleotide 
molecule of the present invention comprises the nucleotide sequence of SEQ ID NO:12. , 

jhe present invention further provides an isolated polynucleotide molecule that is 
homologous to a polynucleotide molecule comprising the nucleotide sequence of SEQ ID 
NO:12. The present invention further provides an isolated polynucleotide molecule 
comprising a nucleotide sequence that encodes a polypeptide having an amino acid 
sequence that is homologous to the amino acid sequence of SEQ ID NO: 13. 

The present invention further provides an isolated polynucleotide molecule consisting 
of a nucleotide sequence that is a substantial portion of any of the aforementioned YSK2- 
related polynucleotide molecules of the present invention. In a preferred embodiment, the 
substantial portion of the YSK2-related polynucleotide molecule consists of a nucleotide 
sequence that encodes a peptide fragment of a human YSK2 gene product or YSK2-related 
homologous polypeptide of the present invention. In a specific though non-limiting 
embodiment, the present invention provides a polynucleotide molecule consisting of a 
nucleotide sequence encoding a peptide fragment consisting of a sub-sequence of the amino 
acid sequence of SEQ ID NO:13. 

The present invention further provides compositions and methods for cloning and 
expressing any of the polynucleotide molecules of the present invention, including cloning 
vectors and expression vectors comprising any of the polynucleotide molecules of the present 
invention, as well as transformed host cells and novel strains or cell lines derived therefrom 
comprising any of the polynucleotide molecules, cloning vectors or expression vectors of the 
present invention. In a non-limiting embodiment, the present invention provides a 
recombinant expression vector comprising a polynucleotide molecule of the present Invention 
In operative association with one or more regulatory elements for expression of the 
polynucleotide molecule. 

Also provided by the present invention is a substantially purified or isolated 
polypeptide encoded by a polynucleotide molecule of the present invention. In a specific 



though non-limiting embodiment, the polypeptide is a portion of a human MLK4 gene product 
comprising the amino acid sequence of SEQ ID NO:2. In another specific though non-limiting 
embodiment, the polypeptide is a portion of a human PAK4 gene product comprising the 
amino acid sequence of SEQ ID NO:4. In another specific though non-limiting embodiment, 
the polypeptide is a portion of a human PAK5 gene product, comprising the amino acid 
sequence of either SEQ ID NO:6 or SEQ ID NO:8, or is the entire human PAK5 gene product 
comprising the amino acid sequence of SEQ ID NO: 10 In another specific though non- 
limiting embodiment, the polypeptide is a portion of a YSK2 gene product, comprising the 
amino acid sequence of SEQ ID NO:13. 

The present invention also provides substantially purified or isolated polypeptides that 
are homologous to the portions of the human MLK4, PAK 4, PAK5 and YSK2 gene products 
of the present invention. The present invention also provides a substantially purified or 
isolated polypeptide that is homologous to the complete human PAK5 gene product of the 
present invention. The present invention further provides substantially purified or isolated 
peptide fragments of the MLK4, PAK4, and PAK5 gene products of the present Invention, and 
substantially purified or Isolated peptide fragments of the YSK2 gene product of the present 
invention that have the first six amino acids of SEQ ID NO: 13. 

The present invention also provides a method of preparing a substantially purified or 
isolated portion of a human MLK4, PAK4, PAK5 or YSK2 gene product, or a substantially 
purified or isolated human PAK5 gene product, or a homologous peptide, or peptide fragment 
of the present invention, comprising culturing host cells transformed with a polynucleotide 
molecule or vector of the present invention under conditions conducive to the expression 
therefrom of the polypeptide or peptide fragment of the invention, and recovering the 
polypeptide or peptide fragment in substantially purified or isolated form from the cell culture. 

Also provided are antibodies specific for the MLK4. PAK4, PAK5 or YSK2 gene 
product, homologous peptide, or peptide fragment of the present invention, and methods of 
detecting the MLK4, PAK4, PAK5 or YSK2 gene product, homologous peptide, or peptide 
fragment of the present invention in a sample. Still another aspect of the invention provides 
methods of identifying compounds that bind to the MLK4, PAK4, PAK5 or YSK2 gene 
product, homologous peptide, or peptide fragment of the present invention. 

The present invention also provides methods of detecting an MLK4, PAK4, PAK5 or 
YSK2- related polynucleotide in a sample, comprising contacting the sample with a compound 
that binds to and forms a complex with the particular polynucleotide for a period of time 
sufficient to form the complex, and detecting the complex, so that if a complex is detected, the 
MLK4, PAK4. PAK5 or YSK2-related polynucleotide, respectively, is detected. In a non- 
limiting embodiment, the method comprises contacting the sample under stringent 
hybridization conditions with nucleic acid primers that anneal to the particular polynucleotide 



under such hybridization conditions, and amplifying the annealed polynucleotides, so that if a 
particular polynucleotide is amplified, the MLK4, PAK4, PAK5 or YSK2-related polynucleotide, 
respectively, is detected. 

The invention further provides a method of screening for compounds that affect the 
cellular levels of a JNKKK gene product, comprising: (a) applying a test compound to a test 
sample; (b) determining the cellular levels of at least one gene product in the test sample, 
wherein the gene product is from a gene comprising a nucleotide sequence selected from the 
group consisting of SEQ ID NOS: 1 , 3, 5. 7, 9. 1 1 and 12; and (c) comparing the levels of the 
gene product in the test sample with that in a reference sample; wherein a specific change in 
the cellular levels of the gene product in the test sample as compared to the reference sample 
indicates that the test compound affects the cellular levels of gene product from a JNKKK 
gene. In a preferred embodiment, the method further comprises the step of applying a stress 
event to the test sample and determining the effect of the test compound on the response of 
the test sample to the stress event. 

The invention further provides a method of screening for compounds that affect the 
expression of a gene that encodes a JNKKK gene product, comprising: (a) applying a test 
compound to a test sample; (b) determining the expression level of at least one gene in cells 
of the test sample, wherein the gene comprises a nucleotide sequence selected from the 
group consisting of SEQ ID NOS: 1, 3. 5, 7, 9, 11 and 12; and (c) comparing the expression 
level of the gene in the test sample with that in a reference sample; wherein a specific change 
in the expression of the gene in the test sample as compared to the reference sample 
indicates that the test compound affects the expression of the gene. In a preferred 
embodiment, the method further comprises the step of applying a stress event to the test 
sample and determining the effect of the test compound on the gene expression response of 
the test sample to the stress event. 

Still another aspect of the invention provides a method of screening for compounds 
that affect the activity of a JNKKK gene product, the method comprising: (a) applying a test 
compound to a test sample; and (b) determining the activity of a JNKKK gene product in the 
test sample versus a reference sample, wherein the JNKKK gene product comprises an 
amino acid sequence selected from the group consisting of: SEQ ID NOS: 2, 4, 6, 8, 10 and 
13; wherein a test compound that alters the JNKKK gene product activity In the test sample 
as compared to the reference sample is identified as a compound that affects the activity of 
the JNKKK gene product. In a preferred embodiment, the method further comprises the step 
of applying a stress event to the test sample and determining the effect of the test compound 
on the response of the test sample to the stress event. 

4. Brief Description of th Figures 
Figure 1 is a schematic diagram illustrating the structure of the PAK5 gene. 



Figure 2 is a Northern Blot illustrating the tissue-specific expression of MLK4, PAK4 
and PAK5 genes. Messenger RNA was isolated from heart, brain, placenta, lung, liver, 
skeletal muscle, kidney and pancreas, run on a denaturing gel in the indicated lanes, and 
blotted to a membrane. The same blot was sequentially hybridized (after stripping between 
hybridizations) to labeled 150 base pair probes specific for MLK4, PAK4 and PAK5. 

Figure 3 shows the induction of YSK2 and PAK5 genes in response to ultraviolet 
radiation. Figure 3A is a Northern blot of mRNA from keratinocytes untreated (control) or 
treated (control) with UV-C radiation for 5 days. The blot was hybridized to a 150 base pair 
probe specific for the. YSK2 gene. Figure SB shows a differential display experiment 
designed to examine any change in expression levels of the PAK4 and PAK5 genes in 
response to UV-A light. Keratinocytes were exposed to UV-A light for 0, 6 or 24 hours, 
harvested and mRNA analyzed. Bands corresponding the PAK4 and PAK5 message are 
indicated. 

5. Detailed Description of the Invention 

The present invention relates to identification and characterization of polynucleotide 
molecules expressed in skin keratinocytes, which polynucleotide molecules encode JNKKK 
polypeptides. Because the kinase domains of JNKKKs are conserved in sequence, primers 
can be designed for reverse transcription-polymerase chain reaction (RT-PCR) detection of 
virtually all the JNKKKs expressed by a cell or cell type. In one embodiment, the primer pair 
5'-ATGCA(CA)CANGA(CT)AT(ACT)AA(AG)-3' (SEQ ID NO: 14) (fonward) and 5'- 
GCNAC(CT)TCNGGNGCCATCCA-3' (SEQ ID NO:15) (reverse) can be used to detect novel 
JNKKKs. The product of using the primer pair is a common 150 bp segment. As discussed 
below in the Example sections, a primer pair was used to screen human epidermal 
keratinocyte mRNA, and polynucleotides encoding several novel JNKKKs were discovered. 
In addition, the present invention relates to the discovery that the JNKKKs encoded by these 
polynucleotides are involved in the cellular response to stress such as ultraviolet (UV) light. 
By way of example, the invention is described in the sections below for an isolated 
polynucleotide molecule comprising the nucleotide sequence of a portion of the MLK4 open 
reading frame (ORF) (SEQ ID NO:1); for an isolated polynucleotide molecule comprising the 
nucleotide sequence of a portion of the PAK4 ORF (SEQ ID NO:3); for an isolated 
polynucleotide molecule comprising the nucleotide sequence of a portion of the PAK5 ORF 
(SEQ ID NO:5); for another isolated polynucleotide molecule comprising the nucleotide 
sequence of a portion of the PAK5 gene (SEQ ID NO:7); for an isolated polynucleotide 
molecule comprising the nucleotide sequence of the cDNA encoding the PAK5 gene product 
(SEQ ID NO:9, ORF from nt 199-2244); for an isolated polynucleotide molecule comprising 
the nucleotide sequence of the PAK5 gene (SEQ ID NO:11, ORF from nt 6125-17433); and 
for an isolated polynucleotide molecule comprising the nucleotide sequence of a portion of the 
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YSK2 ORF (SEQ ID NO:12). 

5.1. Polynucleotide Molecules 

As used herein, the terms "polynucleotide molecule." "polynucleotide sequence," 
"coding sequence" "open-reading frame (ORF)", and the like, are intended to refer to both 
5 DNA and RNA molecules, which can either be single-stranded or double-stranded. A coding 
sequence or ORF can include but is not limited to prokaryotic sequences, cDNA sequences, 
genomic DNA sequences, and chemically synthesized DNA and RNA sequences. A "gene 
product" is intended to refer to a product encoded by a gene, including the transcribed RNA 
message (including exons and introns), the spliced messenger RNA (mRNA), and the 

10 translated protein product encoded by the respective mRNA. 

Production and manipulation of the polynucleotide molecules and oligonucleotide 
molecules disclosed herein are within the skill in the art and can be carried out according to 
recombinant techniques described, among other places, in Maniatis et al. 1989, Molecular 
Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 

15 NY; Ausubel et al., 1989, Greene Publishing Associates & Wiley Interscience, NY; Sambrook 
et al., 1989. Molecular Cloning: A Laboratory Manual, 2d ed.. Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, NY; Innis et al. (eds), 1995, PCR Strategies, Academic Press, 
Inc., San Diego; and Eriich (ed), 1992, PCR Technology, Oxford University Press, New York, 
all of which are incorporated herein by reference. 

20 5.1.1. MLK4-related Polynucleotide Molecules 

The present invention provides an isolated polynucleotide molecule comprising a 
nucleotide sequence encoding a portion of a human MLK4-related gene product. In a 
preferred embodiment, the portion of the MLK4 gene product comprises the amino acid 
sequence of SEQ ID NO:2. In a non-limiting embodiment, the isolated polynucleotide 

25 molecule of the present invention comprises the nucleotide sequence of SEQ ID NO:1 . 

The present invention further provides an isolated polynucleotide molecule that is 
homologous to a polynucleotide molecule comprising the nucleotide sequence of SEQ ID 
NO:1. The term "homologous" when used in this respect means a polynucleotide molecule 
comprising a nucleotide sequence: (a) that encodes the same polypeptide as encoded by 

30 SEQ ID NO:1, but that includes one or more silent changes to the nucleotide sequence 
according to the degeneracy of the genetic code (i.e., a degenerate variant); or (b) that has at 
least about 70%, more preferably at least about 80%, and most preferably at least about 90% 
nucleotide sequence identity to the nucleotide sequence of SEQ ID NO:1, as determined by 
any standard nucleotide sequence identity algorithm such as BLASTN (GENBANK), and 

35 which hybridizes to the complement of a polynucleotide molecule comprising a nucleotide 
sequence that encodes a polypeptide comprising the amino acid sequence of SEQ ID NO:2 
under moderately stringent conditions, i.e., hybridization to filter-bound DNA in 0.5 M 



NaHP04, 7% sodium dodecyl sulfate (SDS), 1 mM EDTA at 65C. and washing in 
0.2XSSC/0.1% SDS at 42°C (see Ausubel et al. (eds.), 1989, Current Protocols in Molecular 
Biology, Vol. I, Green Publishing Associates, Inc., and John Wiley & Sons, Inc., New York, at 
p. 2.10.3), and is useful In practicing the invention. In a preferred embodiment, the 
homologous polynucleotide molecule hybridizes to the complement of a polynucleotide 
molecule comprising a nucleotide sequence that encodes a polypeptide comprising the amino 
acid sequence of SEQ ID NO:2 under highly stringent conditions, i.e., hybridization to filter- 
bound DNA in 0.5 M NaHP04, 7% SDS, 1 mM EDTA at 65°C, and washing in 0.1 x 
SSC/0.1% SDS at 68°C (Ausubel et al., 1989, above), and is useful in practicing the 
invention. In a more preferred embodiment, the homologous polynucleotide molecule 
hybridizes under highly stringent conditions to the complement of a polynucleotide molecule 
consisting of the nucleotide sequence of SEQ ID NO:1, and is useful in practicing the 
invention. 

As used herein, an MLK4-related polynucleotide molecule is "useful in practicing the 
invention" where the polynucleotide molecule: (i) encodes a peptide that can be used to 
generate antibodies that immunospeciflcally recognize the MLK4 gene product from a 
eukaryotic ceil; or (ii) can detect the presence of the MLK4 transcript in a test sample; or (iii) 
can enable a method for altering the regulation or expression of the endogenous MLK4 gene 
(such as by gene activation or Inactivation techniques, e.g., insertion of a transcriptional 
activator sequence into an intron, or deletion of one or more exons); or (iv) can be used to 
amplify a polynucleotide molecule comprising the nucleotide sequence of the MLK4 ORF in a 
eukaryotic cell using standard amplification techniques such as PGR. Such homologous 
polynucleotide molecules can include naturally occurring MLK4 genes present in eukaryotic 
species other than humans (and particularly in mammalian species, such as, for example, 
mouse, cow, sheep, guinea pig and rat), or in other human isolates, as well as mutated MLK4 
alleles, whether naturally occurring, chemically synthesized, or genetically engineered. 

The present invention further provides an isolated polynucleotide molecule 
comprising a nucleotide sequence that encodes a polypeptide having an amino acid 
sequence that is homologous to the amino acid sequence of SEQ ID NO:2. As used herein to 
refer to polypeptides having amino acid sequences that are homologous to the amino acid 
sequence of a portion of an MLK4 gene product from a human, the term "homologous" means 
a polypeptide comprising the amino acid sequence of SEQ ID NO:2, but in which one or more 
amino acid residues thereof has been conservatively substituted with a different amino acid 
residue, wherein the resulting amino acid sequence has at least about 70%, more preferably 
at least about 80%, and most preferably at least about 90% sequence identity to SEQ ID 
NO:2 wherein amino acid sequence identity is determined by any standard amino acid 
sequence identity algorithm, such as, e.g., BLASTP (GENBANK), where the resulting 
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polypeptide is useful in practicing the invention. Conservative annino acid substitutions are 
well known in the art. Rules for nnaking such substitutions include those described by Dayhof, 
M.D., 1978, Nat. Bionned. Res. Found., Washington, D.C., Vol. 5, Sup. 3, among others. 
More specifically, conservative amino acid substitutions are those that generally take place 
within a family of amino acids that are related in the acidity, or polarity of their side chains. 
Genetically encoded amino acids are generally divided into four groups: (1) acidic = 
aspartate, glutamate; (2) basic = lysine, arginine, histidine; (3) non-polar = alanine, valine, 
leucine, isoleucine, proline, phenylalanine, methionine, tryptophan; and (4) uncharged polar = 
glycine, asparagine, glutamine. cysteine, serine, threonine, tyrosine. Phenylalanine, 
tryptophan and tyrosine are also jointly classified as aromatic amino acids. One or more 
replacements within any particular group, e.g., of a leucine with an isoleucine or valine, or of 
an aspartate with a glutamate, or of a threonine with a serine, or of any other amino acid 
residue with a structurally related amino acid residue, e.g., an amino acid residue with similar 
acidity, or polarity or with similarity in a combination thereof, will generally have an 
insignificant effect on the function of the polypeptide. 

As used herein, an MLK4-related polypeptide is "useful in practicing the invention" 
where the polypeptide can be used to raise antibodies against an MLK4 gene product from a 
eukaryotic, preferably mammalian, and most preferably human cell or tissue, or to screen for 
compounds that modulate MLK4 activity or production in such a cell or tissue. 

The present invention further provides an isolated polynucleotide molecule consisting 
of a nucleotide sequence that is a substantial portion of any of the aforementioned MLK4- 
related polynucleotide molecules of the present invention. As used herein, a "substantial 
portion" of an MLK4-related polynucleotide molecule means a polynucleotide molecule 
consisting of less than the full length of the nucleotide sequence of SEQ ID NO:1 or 
homologous polynucleotide molecule thereof, but comprising at least about 20%, and more 
preferably at least about 30%, of the length of said nucleotide sequence, and that is useful in 
practicing the invention, as usefulness is defined above for MLK4-related polynucleotide 
molecules. In a non-limiting embodiment, the substantial portion of the MLK4-related 
polynucleotide molecule consists of a nucleotide sequence that encodes a peptide fragment 
of a human MLK4 gene product of the present invention. A "peptide fragment" of an MLK4- 
related polypeptide refers to a polypeptide consisting of a sub-sequence of SEQ ID NO:2, 
which sub-sequence is useful in practicing the invention, as usefulness is defined above for 
MLK4-related polypeptides. As used herein, a "peptide fragment" is preferably at least about 
15 amino acid residues, and more preferably at least about 30 amino acid residues in length. 

The MLK4-related polynucleotide molecules disclosed herein can be used to express 
a portion of the human MLK4 gene product, to detect expression of an MLK4 gene product in 
a cell type or tissue, to prepare novel cell lines in which the MLK4 gene has been mutated (for 
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example, altered or removed by homologous recombination), to create and express a 
dominant-negative MLK4, e.g., by mutating the ATP binding site, using well known techniques 
(see, e.g., Abo et al., below), and to identify MLK4 homolog genes in eukaryotic species other 
than humans, and particularly in other mammalian species, using known techniques. Thus, 
5 the present invention further provides an isolated polynucleotide molecule comprising a 
nucleotide sequence encoding an MLK4 homolog gene product. As used herein, an "MLK4 
homolog gene product" is defined as a gene product encoded by an MLK4 homolog gene 
which, in turn, is defined as a gene from a different eukaryotic species other than human and 
which is recognized by those of skill in the art as a homolog of the human MLK4 gene based 

10 on a degree of sequence identity at the amino acid level of greater than about 70%. 

Methods for identifying polynucleotide clones containing MLK4 homolog genes are 
known in the art. For example, a polynucleotide molecule comprising a portion of the human 
MLK4 ORF can be detectably labeled and used to screen a genomic library constructed from 
DNA derived from the organism of interest. The stringency of the hybridization conditions can 

15 be selected based on the relationship of the reference organism to the organism of interest. 
Requirements for different stringency conditions are well known to those of skill in the art, and 
such conditions will vary predictably depending on the specific organisms from which the 
library and the labeled sequences are derived. Genomic DNA libraries can be screened for 
MLK4 homolog gene coding sequences using the techniques set forth, among other places, 

20 in Benton and Davis. 1977, Science 196:180, for bacteriophage libraries, and in Grunstein 
and Hogness, 1975, Proc. Natl. Acad. Sci. USA, 72:3961-3965, for plasmid libraries, which 
publications are incorporated herein by reference. Polynucleotide molecules having 
nucleotide sequences known to include a portion of the MLK4 ORF, as shown in SEQ ID 
NO:1, or oligonucleotide molecules representing portions thereof, can be used as probes in 

25 these screening experiments. Alternatively, oligonucleotide probes can be synthesized that 
correspond to nucleotide sequences deduced from the amino acid sequence of the purified 
MLK4 gene product. 

Clones identified as containing MLK4 homolog gene coding sequences can be tested 
for appropriate biological function. For example, the clones can be subjected to sequence 
30 analysis in order to identify a suitable reading frame, as well as initiation and termination 
signals. The cloned DNA sequence can then be inserted into an appropriate expression 
vector which is then transformed into cells (such as human cells) that have been rendered 
MLK4 null to test for complementation. Transformed host cells can then be analyzed for 
MLK4 signal transduction. 
35 5.1.2. PAK4-related PolynucI otide Molecules 

The present invention further provides an isolated polynucleotide molecule 
comprising a nucleotide sequence encoding a portion of a human PAK4 gene product. In a 
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preferred embodiment, the portion of the PAK4 gene product comprises the amino acid 
sequence of SEQ ID NO:4. In a non-limiting embodiment, the Isolated polynucleotide 
molecule of the present invention comprises the nucleotide sequence of SEQ ID NO:3. 

The present invention further provides an isolated polynucleotide molecule that is 
5 homologous to a polynucleotide molecule comprising the nucleotide sequence of SEQ ID 
NO:3. The term "homologous" when used in this respect means a polynucleotide molecule 
comprising a nucleotide sequence: (a) that encodes the same polypeptide as encoded by 
SEQ ID NO:3, but that includes one or more silent changes to the nucleotide sequence 
according to the degeneracy of the genetic code; or (b) that has at least about 70%, more 

10 preferably at least about 80%, and most preferably at least about 90% nucleotide sequence 
identity to the nucleotide sequence of SEQ ID NO:3, as determined by any standard 
nucleotide sequence identity algorithm such as BLASTN (GENBANK) and hybridizes to the 
complement of a polynucleotide molecule comprising a nucleotide sequence that encodes a 
polypeptide comprising the amino acid sequence of SEQ ID NO:4 under moderately stringent 

15 conditions, i.e., hybridization to filter-bound DNA in 0.5 M NaHP04, 7% SDS, 1 mM EDTA at 
65°C, and washing in 0.2xSSC/0.l% SDS at 42°C (Ausubel et al., 1989, above), and is useful 
in practicing the invention. In a preferred embodiment, the homologous polynucleotide 
molecule hybridizes to the complement of a polynucleotide molecule comprising a nucleotide 
sequence that encodes a polypeptide comprising the amino acid sequence of SEQ ID NO:4 

20 under highly stringent conditions, i.e., hybridization to filter-bound DNA in 0.5 M NaHP04, 7% 
SDS, 1 mM EDTA at 65"C, and washing in O.lxSSC/0.1 % SDS at 68X (Ausubel et al., 1989, 
above), and is useful in practicing the Invention. In a more preferred embodiment, the 
homologous polynucleotide molecule hybridizes under highly stringent conditions to the 
complement of a polynucleotide molecule comprising the nucleotide sequence of SEQ ID 

25 NO:3, and is useful in practicing the invention. 

As used herein, a PAK4-related polynucleotide molecule is "useful in practicing the 
invention" where the polynucleotide molecule: (i) encodes a peptide that can be used to 
generate antibodies that immunospecifically recognize the PAK4 gene product from a 
eukaryotic cell; or (ii) can detect the presence of the PAK4 transcript in a test sample; or (iii) 

30 can enable a method for altering the regulation or expression of the endogenous PAK4 gene 
(such as by gene activation or inactivation techniques, e.g., insertion of a transcriptional 
activator sequence into an intron, or deletion of one or more exons); or (iv) can be used to 
amplify a polynucleotide molecule comprising the nucleotide sequence of the PAK4 ORF in a 
eukaryotic cell using standard amplification techniques such as PGR. Such homologous 

35 polynucleotide molecules can include naturally occurring PAK4 genes present in eukaryotic 
species other than humans (and particularly in mammalian species, such as, for example, 
mouse, cow, sheep, guinea pig and rat), or in other human isolates, as well as mutated PAK4 
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alleles, whether naturally occurring, chemically synthesized, or genetically engineered. 

The present invention further provides an isolated polynucleotide molecule 
comprising a nucleotide sequence that encodes a polypeptide having an amino acid 
sequence that is homologous to the amino acid sequence of SEQ ID NO:4. As used herein to 
5 refer to polypeptides having amino acid sequences that are homologous to the amino acid 
sequence of a PAK4 gene product from a human cell, the term "homologous" means a 
polypeptide comprising the amino acid sequence of SEQ ID NO:4, but in which one or more 
amino acid residues thereof has been conservatively substituted with a different amino acid 
residue, as conservative amino acid substitutions are defined above, wherein the resulting 
10 amino acid sequence has at least about 70%, more preferably at least about 80%, and most 
preferably at least about 90% sequence identity to SEQ ID NO:4, as determined, e.g., using 
the BLASTP algorithm (GENBANK), where the resulting polypeptide is useful in practicing the 
invention. 

As used herein, a PAK4-related polypeptide is "useful in practicing the invention" 

15 where the polypeptide can be used to raise antibodies against a PAK4 gene product from a 
eukaryotic, preferably mammalian, and most preferably human, cell or tissue, or to screen for 
compounds that modulate PAK4 activity or production in such a cell or tissue. 

The present invention further provides an isolated polynucleotide molecule consisting 
of a nucleotide sequence that is a substantial portion of any of the aforementioned PAK4- 

20 related polynucleotide molecules of the present invention. As used herein, a "substantial 
portion" of a PAK4-related polynucleotide molecule means a polynucleotide molecule 
consisting of less than the full length of SEQ ID NO:3 or homologous polynucleotide molecule 
thereof, but comprising at least about 20%, and more preferably at least about 30%, of the 
length of said nucleotide sequence, and that is useful in practicing the invention, as 

25 usefulness is defined above for PAK4-related polynucleotide molecules. In a non-limiting 
embodiment, the substantial portion of the PAK4-related polynucleotide molecule consists of 
a nucleotide sequence that encodes a peptide fragment of a human PAK4 gene product of 
the present invention. A "peptide fragment" of a PAK4-related polypeptide refers to a 
polypeptide consisting of a sub-sequence of SEQ ID NO:4, which sub-sequence Is useful in 

30 practicing the invention, as usefulness is defined above for PAK4-related polypeptides. 
Peptide fragments of the invention are preferably at least about 15 amino acid residues, and 
more preferably at least about 30 amino acid residues in length. 

The PAK4-related polynucleotide molecules disclosed herein can be used to express 
a portion of the human PAK4 gene product, to detect expression of a PAK4 gene product in a 

35 cell type or tissue, to prepare novel cell lines in which the PAK4 gene has been mutated (for 
example, altered or removed by homologous recombination), to create and express a 
dominant-negative PAK4, e.g., by mutating the ATP binding site, using well known techniques 
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(see, e.g., Abo et al., below), and to identify PAK4 homolog genes in eukaryotic species other 
than humans, and particularly in other mammalian species, using known techniques. Thus, 
the present invention further provides an isolated polynucleotide molecule comprising a 
nucleotide sequence encoding a PAK4 homolog gene product. As used herein, a "PAK4 
5 homolog gene product" is defined as a gene product encoded by a PAK4 homolog gene 
which, in turn, is defined as a gene from a different eukaryotic species other than human and 
which is recognized by those of skill in the art as a homolog of the human PAK4 gene based 
on a degree of sequence identity at the amino acid level of greater than about 70%. Methods 
for identifying polynucleotide clones containing PAK4 homolog genes are known in the art as 
10 described above. 

5,1.3. PAK5-related Polynucleotide Molecules 

The present invention further provides an isolated polynucleotide molecule 
y comprising a nucleotide sequence encoding a portion of a human PAK5 gene product. In a 

preferred embodiment, the portion of the PAK5 gene product comprises the amino acid 
yi 15 sequence of SEQ ID NO:6. In a non-limiting embodiment, the isolated polynucleotide 

fj\ molecule encoding the amino acid sequence of SEQ ID NO:6 comprises the nucleotide 

bj sequence of SEQ ID NO:5. In another preferred embodiment, the portion of the PAK5 gene 

""^J product comprises the amino acid sequence of SEQ ID NO:8. In a non-limiting embodiment, 

J..-, the isolated polynucleotide molecule encoding the amino acid sequence of SEQ ID NO:8 

Jj 20 comprises the nucleotide sequence of SEQ ID NO:7. Still another non-limiting embodiment of 

p the invention is the sequence of any one of the exons of the PAK5 genomic DNA (see SEQ 

U ID NO:7), A further non-limiting embodiment of the invention is the sequence of any one of 

p the introns of the PAK5 genomic DNA. 

The present invention further provides an isolated polynucleotide molecule 
25 comprising the cDNA nucleotide sequence of SEQ ID NO:9 (ORF from nt 199-2244) encoding 
a complete human PAK5 gene product. The present invention further provides an isolated 
polynucleotide molecule comprising the nucleotide sequence of SEQ ID NO:11 (ORF from nt 
6125-17433), which represents the human PAK5 gene. 

The present invention further provides an isolated polynucleotide molecule that is 
30 homologous to a polynucleotide molecule comprising a nucleotide sequence encoding a 
portion of a PAK5 gene product of the present Invention. The term "homologous" when used 
in this respect means a polynucleotide molecule comprising a nucleotide sequence: (a) that 
encodes the same polypeptide as encoded by SEQ ID NO:5, SEQ ID N0:7, SEQ ID NO:9 or 
SEQ ID NO:11, but that includes one or more silent changes to the nucleotide sequence 
35 according to the degeneracy of the genetic code; or (b) that has at least about 70%, more 
preferably at least about 80%, and most preferably at least about 90% nucleotide sequence 
identity to the nucleotide sequence of SEQ ID NO:5 or SEQ ID NO:7, or to the ORF of SEQ 
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ID NO:9 or SEQ ID NO:11, as determined by any standard nucleotide sequence identity 
algorithm such as BLASTN (GENBANK), and hybridizes to the complement of a 
polynucleotide molecule comprising a nucleotide sequence that encodes a polypeptide 
comprising the amino acid sequence of SEQ ID NO:6, SEQ ID NO:8. or SEQ ID NO:10 under 
5 moderately stringent conditions, i.e., hybridization to filter-bound DNA in 0.5 M NaHP04, 7% 
SDS, 1 mM EDTA at 65X, and washing in 0.2xSSC/0.1% SDS at 42°C (Ausubel et a!., 1989. 
above), and is useful in practicing the invention. In a preferred embodiment, the homologous 
polynucleotide molecule hybridizes to the complement of a polynucleotide molecule 
comprising a nucleotide sequence that encodes a polypeptide comprising the amino acid 
10 sequence of SEQ ID NO:6. SEQ ID NO:8, or SEQ ID NO:10 under highly stringent 
conditions, i.e., hybridization to filter-bound DNA in 0.5 M NaHP04, 7% SDS, 1 mM EDTA at 
65°C, and washing in O.lxSSC/0.1 % SDS at 68X (Ausubel et al., 1989, above), and is useful 
in practicing the invention. In a more preferred embodiment, the homologous polynucleotide 
molecule hybridizes under highly stringent conditions to the complement of a polynucleotide 
Ul 1 5 molecule consisting of the nucleotide sequence of SEQ ID NO:5 or SEQ ID NO:7, or the ORF 

f ^ of SEQ ID NO:9 or SEQ ID NO:1 1 . and is useful in practicing the invention. 

As used herein, a PAK5-related polynucleotide molecule is "useful in practicing the 
"=4 invention" where the polynucleotide molecule: (i) encodes a peptide that can be used to 

1^ generate antibodies that immunospecifically recognize the PAK5 gene product from a 

^3 20 eukaryotic cell; or (ii) can detect the presence of the PAK5 transcript in a test sample; or (iii) 

can enable a method for altering the regulation or expression of the endogenous PAK5 gene 
iZ_ (such as by gene activation or inactivation techniques, e.g., insertion of a transcriptional 

Fi activator sequence into an intron, or deletion of one or more exons); or (iv) can be used to 

amplify a polynucleotide molecule comprising the nucleotide sequence of the PAK5 ORF in a 
25 eukaryotic cell using standard amplification techniques such as PGR. Such homologous 
polynucleotide molecules can include naturally occurring PAK5 genes present in eukaryotic 
species other than humans (and particularly in mammalian species, such as, for example, 
mouse, cow, sheep, guinea pig and rat), or in other human isolates, as well as mutated PAK5 
alleles, whether naturally occurring, chemically synthesized, or genetically engineered. 
30 The present invention further provides an isolated polynucleotide molecule 

comprising a nucleotide sequence that encodes a polypeptide having an amino acid 
sequence that is homologous to the amino acid sequence of SEQ ID NO:6, SEQ ID NO:8 or 
SEQ ID NO:10. As used herein to refer to polypeptides having amino acid sequences that 
are homologous to the amino acid sequence of a PAK5 gene product from a human cell, the 
35 term "homologous" means a polypeptide comprising the amino acid sequence of SEQ ID 
NO:6, SEQ ID NO:8 or SEQ ID NO:10, but in which one or more amino acid residues thereof 
has been conservatively substituted with a different amino acid residue, as conservative 
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amino acid substitutions are defined above, wherein the resulting amino acid sequence has at 
least about 70%, more preferably at least about 80%, and most preferably at least about 90% 
sequence identity to SEQ ID NO:6. SEQ ID NO:8 or SEQ ID NO:10, as determined, e.g.. 
using the BLASTP algorithm (GENBANK), and where the resulting polypeptide is useful in 
5 practicing the Invention. 

As used herein, a PAK5-related polypeptide is "useful in practicing the invention" 
where the polypeptide can be used to raise antibodies against a PAK5 gene product from a 
eukaryotic. preferably mammalian, and most preferably human, cell or tissue, or to screen for 
compounds that modulate PAK5 activity or production in such a cell. 

10 The present invention further provides an isolated polynucleotide molecule consisting 

of a nucleotide sequence that is a substantial portion of any of the aforementioned PAK5- 
related polynucleotide molecules of the present invention. As used herein, a "substantial 
portion" of a PAK5-related polynucleotide molecule means a polynucleotide molecule 
consisting of less than the full length of SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9 (from nt 

15 199-2244) or SEQ ID NO:11 (from nt 6125-17433) or homologous polynucleotide molecule 
thereof, but comprising at least about 20%. and more preferably at least about 30%, the 
length of said nucleotide sequence, and that is useful in practicing the invention, as 
usefulness is defined above for PAK5-related polynucleotide molecules. In a non-limiting 
embodiment, the substantial portion of the PAK5-related polynucleotide molecule consists of 

20 a nucleotide sequence that encodes a peptide fragment of. a human PAK5 gene product of 
the present invention. A "peptide fragment" of a PAK5-related polypeptide refers to a 
polypeptide consisting of a sub-sequence of SEQ ID NO:6, SEQ ID NO:8 or SEQ ID NO:10. 
which sub-sequence is useful in practicing the invention, as usefulness is defined above for 
PAK5-related polypeptides. Peptide fragments of the invention are preferably at least about 

25 15 amino acid residues, and more preferably at least about 30 amino acid residues in length. 

The PAK5-related polynucleotide molecules disclosed herein can be used to express 
a portion of the PAK5 gene product, to detect expression of a PAK5 gene in a cell or tissue, to 
prepare novel cell lines in which the PAK5 gene has been mutated (for example, altered or 
removed by homologous recombination), to create and express a dominant-negative PAK5 by 

30 mutating the ATP binding site using well known techniques (see, e.g., Abo et al., below), and 
to identify PAK5 homolog genes in other eukaryotic species or cell types using standard 
techniques. Thus, the present invention further provides an isolated polynucleotide molecule 
comprising a nucleotide sequence encoding a PAK5 homolog gene product. As used herein, 
a "PAK5 homolog gene product" is defined as a gene product encoded by a PAK5 homolog 

35 gene which, in turn, is defined as a gene from a eukaryotic species other than human, and 
which is recognized by those of skill in the art as a homolog of the human PAK5 gene based 
on a degree of sequence identity at the amino acid level of greater than about 80%. Methods 
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for identifying polynucleotide clones containing PAK5 homolog genes are known in the art, as 
described above. 

5.1.4. YSK2-related Polynucleotide Molecules 

The present invention further provides an isolated polynucleotide nnolecule 
5 connprlsing a nucleotide sequence encoding a portion of a YSK2 gene product fronn a human 
cell. In a preferred embodiment, the YSK2 gene product comprises the amino acid sequence 
of SEQ ID NO:13. In a non-limiting embodiment, the isolated polynucleotide molecule of the 
present invention comprises the nucleotide sequence of SEQ ID NO:12. 

The present invention further provides an isolated polynucleotide molecule that is 

10 homologous to a polynucleotide molecule comprising a nucleotide sequence encoding a 
portion of the YSK2 gene product of the present invention. The term "homologous" when 
used in this respect means a polynucleotide molecule comprising a nucleotide sequence: (a) 
that encodes the same polypeptide as encoded by SEQ ID NO:12, but that includes one or 
more silent changes to the nucleotide sequence according to the degeneracy of the genetic 

15 code; or (b) that has at least about 70%, more preferably at least about 80%, and most 
preferably at least about 90% nucleotide sequence identity to the nucleotide sequence of 
SEQ ID NO: 12, as determined by any standard nucleotide sequence identity algorithm such 
as BLASTN (GENBANK), and hybridizes to the complement of a polynucleotide molecule 
comprising a nucleotide sequence that encodes a polypeptide comprising the amino acid 

20 sequence of SEQ ID NO:13 under moderately stringent conditions, i.e., hybridization to filter- 
bound DNA in 0.5 M NaHP04, 7% SDS, 1 mM EDTA at 65°C, and washing in 0.2xSSC/0.1% 
SDS at 42''C (Ausubel et al., 1989, above), and encodes at least the first 6 amino acid 
residues of SEQ ID NO: 13 and is useful in practicing the invention. In a preferred 
embodiment, the homologous polynucleotide molecule hybridizes to the complement of a 

25 polynucleotide molecule comprising a nucleotide sequence that encodes a polypeptide 
comprising the amino acid sequence of SEQ ID NO:13 under highly stringent conditions, i.e., 
hybridization to filter-bound DNA in 0.5 M NaHP04, 7% SDS, 1 mM EDTA at 65"C, and 
washing in O.lxSSC/0.1 % SDS at 68°C (Ausubel et al., 1989, above), and encodes at least 
the first 6 amino acid residues of SEQ ID NO:13, and is useful in practicing the invention. In a 

30 more preferred embodiment, the homologous polynucleotide molecule hybridizes under highly 
stringent conditions to the complement of a polynucleotide molecule comprising the 
nucleotide sequence of SEQ ID NO: 12, and encodes at least the first 6 amino acid residues 
of SEQ ID NO:13, and is useful in practicing the invention. 

As used herein, a YSK2-related polynucleotide molecule is "useful in practicing the 

35 invention" where the polynucleotide molecule: (i) encodes a peptide that can be used to 
generate antibodies that immunospeciflcally recognize the YSK2 gene product from a 
eukaryotic cell; or (ii) can detect the presence of the YSK2 transcript in a test sample; or (iii) 
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can enable a method for altering the regulation or expression of the endogenous YSK2 gene 
(such as by gene activation or inactivation techniques, e.g., insertion of a transcriptional 
activator sequence into an intron, or deletion of one or more exons); or (iv) can be used to 
amplify a polynucleotide molecule comprising the nucleotide sequence of the YSK2 ORF in a 
5 eukaryotic cell using standard amplification techniques such as PGR. Such homologous 
polynucleotide molecules can include naturally occurring YSK2 genes present in eukaryotic 
species other than humans (and particularly in mammalian species, such as, for example, 
mouse, cow, sheep, guinea pig and rat), or in other human isolates, as well as mutated YSK2 
alleles, whether naturally occurring, chemically synthesized, or genetically engineered. 

10 The present invention further provides an isolated polynucleotide molecule 

comprising a nucleotide sequence that encodes a polypeptide having an amino acid 
sequence that is homologous to the amino acid sequence of SEQ ID NO: 13. As used herein 
to refer to polypeptides having amino acid sequences that are homologous to the amino acid 
sequence of a YSK2 gene product from a human cell, the term "homologous" means a 

15 polypeptide comprising the amino acid sequence of SEQ ID NO: 13, but in which one or more 
amino acid residues thereof has been conservatively substituted with a different amino acid 
residue, as conservative amino acid substitutions are defined above, wherein the resulting 
amino acid sequence has at least about 70%, more preferably at least about 80%, and most 
preferably at least about 90% sequence identity to SEQ ID NO: 13, as determined, e.g., using 

20 the BLASTP algorithm (GEN BANK), and which encodes at least the first 6 amino acid 
residues of SEQ ID NO:13 and where the resulting polypeptide is useful in practicing the 
invention. 

As used herein, a YSK2-related polypeptide is "useful in practicing the invention" 
where the polypeptide can be used to raise antibodies against a YSK2 gene product from a 

25 eukaryotic, preferably mammalian, and most preferably human, cell or tissue, or to screen for 
compounds that modulate YSK2 activity or production in such a cell or tissue. 

The present invention further provides an isolated polynucleotide molecule consisting 
of a nucleotide sequence that is a substantial portion of any of the aforementioned YSK2- 
related polynucleotide molecules of the present invention. As used herein, a "substantial 

30 portion" of a YSK2-related polynucleotide molecule means a polynucleotide molecule 
consisting of less than the full length of SEQ ID NO: 12 or homologous polynucleotide 
molecule thereof, but comprising at least about 20%, and more preferably at least about 30%, 
the length of said nucleotide sequence, and encoding at least the first 6 amino acid residues 
of SEQ ID NO:13 and that is useful in practicing the invention, as usefulness is defined above 

35 for YSK2-related polynucleotide molecules. In a non-limiting embodiment, the substantial 
portion of the YSK2-related polynucleotide molecule consists of a nucleotide sequence that 
encodes a peptide fragment of a YSK2 gene product of the present invention. A "peptide 
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fragment" of a YSK2-related polypeptide refers to a polypeptide consisting of a sub-sequence 
of the amino acid sequence of SEQ ID NO: 13, yet contains the sequence of residues 1 to 6 of 
SEQ ID NO: 13, and which sub-sequence is useful in practicing the invention, as usefulness is 
defined above for YSK2-related polypeptides. Peptide fragments of the invention are 
5 preferably at least about 15 amino acid residues, and more preferably at least about 30 amino 
acid residues in length. 

The YSK2-related polynucleotide molecules disclosed herein can be used to express 
a portion of the human YSK2 gene product, to detect expression of a YSK2 gene product in a 
cell type or tissue, to prepare novel cell lines in which the YSK2 gene has been mutated (for 

10 example, altered or removed by homologous recombination), to create and express a 
dominant-negative YSK2 by mutating the ATP binding site using well known techniques (see, 
e.g., Abo et al., below), and to identify YSK-2 homolog genes in other eukaryotic species or 
cell types, as described above. As used herein, a "YSK2 homolog gene product" is defined 
as a gene product encoded by a YSK2 homolog gene which, in turn, is defined as a gene 

15 from a eukaryotic species other than human, and which is recognized by those of skill In the 
art as a homolog of the human YSK2 gene based on a degree of sequence identity at the 
amino acid level of greater than about 80%. Methods for identifying polynucleotide clones 
containing YSK2 homolog genes are known in the art, as described above. 

5.2. Oligonucleotide Molecules 

20 The present invention further provides oligonucleotide molecules that hybridize to any 

of the aforementioned polynucleotide molecules of the present invention, or that hybridize to a 
polynucleotide molecule having a nucleotide sequence that is the complement of any of the 
aforementioned polynucleotide molecules of the present invention. Such oligonucleotide 
molecules are preferably at least about 10 nucleotides in length, and more preferably at least 

25 about 20 nucleotides in length, and can hybridize to one or more of the aforementioned 
polynucleotide molecules under moderately or highly stringent conditions. For shorter 
oligonucleotide molecules, an example of highly stringent conditions includes washing in 
6xSSC/0.5% sodium pyrophosphate at about 37°C for -14-base oligos, at about 48°C for 
■-ir-base oligos, at about 55^*0 for -20-base oligos, and at about 60°C for -23-base oligos. 

30 For longer oligonucleotide molecules (i.e., greater than about 100 nts), examples of 
moderately and highly stringent conditions are described in Section 5.1.1 above for 
homologous polynucleotide molecules. Hybridization conditions can be appropriately 
adjusted as known in the art, depending upon the particular oligonucleotide molecules 
utilized. 

35 In a preferred embodiment, an oligonucleotide molecule of the present invention 

hybridizes under highly stringent conditions to a polynucleotide molecule having a nucleotide 
sequence selected from the group consisting of SEQ ID NOs:1, 3, 5, 7, 9, 11 or 12, or to a 
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polynucleotide molecule having a nucleotide sequence that is the complement of a nucleotide 
sequence selected from the group consisting of SEQ ID NOs:1 , 3, 5, 7, 9, 1 1 or 12. 

The oligonucleotide molecules of the present invention are useful for a variety of 
purposes, including as primers in amplifying a MLK4, PAK4, PAK5 or YSK2 gene product- 
5 encoding polynucleotide molecule, or as anti-sense molecules useful in regulating expression 
of JNKKK genes and gene products. Amplification can be carried out using suitably designed 
oligonucleotide molecules in conjunction with standard techniques, such as the polymerase 
chain reaction (PGR), although other amplification techniques known in the art, e.g., the 
ligase chain reaction, can also be used. For example, for PGR, a mixture comprising suitably 
10 designed primers, a template comprising the nucleotide sequence to be amplified, and 
appropriate PGR enzymes and buffers, is prepared and processed according to standard 
protocols to amplify a specific MLK4-. PAK4-, PAK5-, or YSK2-related polynucleotide 
sequence of the template. 

5.3. Recombinant Expression Systems 
15 5.3.1. Expression Vectors 

The present invention further provides recombinant cloning vectors and recombinant 
expression vectors comprising a polynucleotide molecule of the present invention, which 
vectors are useful in cloning or expressing said polynucleotide molecules, including 
polynucleotide molecules comprising portions of the MLK4, PAK4, PAK5 or YSK2 ORFs, or 

20 the entire PAK5 ORF, of the present invention. 

The following description is intended to apply to all of the aforementioned 
polynucleotide molecules and polypeptides of the present invention, including polynucleotide 
molecules comprising portions of the MLK4, PAK4, PAK5 or YSK2 ORFs, the entire PAK5 
ORF, and their gene products, and all homologous polynucleotide molecules, homologous 

25 polypeptides, substantial portions of such polynucleotide molecules, and peptide fragments of 
such gene products and polypeptides, as defined above, unless otherwise indicated. 

Recombinant vectors of the present invention, particularly expression vectors, are 
preferably constructed so that the coding sequence for the polynucleotide molecule of the 
present invention is in operative association with one or more regulatory elements necessary 

30 for transcription and translation of the coding sequence to produce a polypeptide. As used 
herein, the term "regulatory element" includes but is not limited to nucleotide sequences of 
inducible and noninducible promoters, enhancers, operators and other elements known in the 
art that serve to drive and/or regulate expression of polynucleotide coding sequences. Also, 
as used herein, the coding sequence is in "operative association" with one or more regulatory 

35 elements where the regulatory elements effectively regulate and allow for the transcription of 
the coding sequence or the translation of its mRNA, or both. 

Typical plasmid vectors that can be engineered to contain a polynucleotide molecule 
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of the present invention include pCR-Blunt, pCR2.1 (Invitrogen), and pGEM3Zf (Promega). 
among many others. Additionally, vectors particularly designed for expression in eukaryotic 
cells, such as mammalian cells, are commercially available from Invitrogen (San Diego, CA) 
and Promega. 

5 The regulatory elements of these vectors can vary in their strength and specificities. 

Depending on the host/vector system utilized, any of a number of suitable transcription and 
translation elements can be used. Non-limiting examples of transcriptional regulatory regions 
or promoters for bacteria include the p-gal promoter, the T7 promoter, the TAG promoter, 
lambda left and right promoters, trp and lac promoters, and the trp-lac fusion promoters. Non- 

10 limiting examples of transcriptional regulatory regions or promoters for eukaryotic cells include 
viral regulatory regions such as, for example, the SV40 early promoter region, the herpes 
thymidine kinase promoter, the cytomegalovirus (CMV) promoter, and the mouse mammary 
tumor virus control region, tissue specific or inducible promoters from endogenous eukaryotic 
genes such as, for example, the albumin promoter, myosin light chain-2 promoter, the insulin 

15 promoter, the metallothionein promoter, and fungal promoters such as, for example, the gal 4 
promoter, the alcohol dehydrogenase promoter, the phosphoglycerol kinase promoter, and 
the mating factor promoters, to name just a few. 

Methods are well-known in the art for constructing recombinant vectors containing 
particular coding sequences in operative association with appropriate regulatory elements, 

20 and any of these can be used to practice the present invention. These methods include in 
vitro recombinant techniques, synthetic techniques, and in vivo genetic recombination. See, 
e.g., the techniques described in Maniatis et al., 1989, above: Ausubel et al., 1989, above; 
Sambrook et al., 1989, above; Innis et al., 1995, above; and Eriich, 1992, above. 

Fusion protein expression vectors can be used to express an MLK4, PAK4, PAK5 or 

25 YSK2 gene product-fusion protein. The purified fusion protein can be used to raise antisera 
against the MLK4, PAK4, PAK5 or YSK2 gene product, to study the biochemical properties of 
the MLK4, PAK4, PAK5 or YSK2 gene product, to engineer the MLK4, PAK4, PAK5 or YSK2 
fusion proteins with different biochemical activities, or to aid in the identification or purification 
of the expressed MLK4, PAK4, PAK5 or YSK2 gene product in recombinant expression 

30 systems. Possible fusion protein expression vectors include but are not limited to vectors 
incorporating sequences that encode (3-galactosidase and trpE fusions, maltose binding 
protein fusions, glutathione-S-transferase fusions and polyhistidine fusions (carrier regions). 

MLK4, PAK4, PAK5 or YSK2 fusion proteins can be engineered to comprise a region 
useful for purification. For example, MLK4-. PAK4-, PAK5- and YSK2-maltose-binding protein 

35 fusions can be purified using amytose resin; MLK4-, PAK4-, PAK5- and YSK2-glutathione-S- 
transferase fusion proteins can be purified using glutathione-agarose beads; and MLK4-, 
PAK4-, PAK5- and YSK2-polyhistidine fusions can be purified using divalent nickel resin. 
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Alternatively, antibodies against a carrier protein or peptide can be used for affinity 
chromatography purification of the fusion protein. For example, a nucleotide sequence 
coding for the target epitope of a monoclonal antibody can be engineered into the expression 
vector in operative association with the regulatory elements and situated so that the 
5 expressed epitope is fused to the MLK4, PAK4, PAK5 or YSK2 polypeptide. For example, a 
nucleotide sequence coding for the FLAG'^^ epitope tag (International Biotechnologies Inc.), 
which is a hydrophilic marker peptide, can be Inserted by standard techniques into the 
expression vector at a point corresponding to the amino or carboxyl terminus of the MLK4, 
PAK4, PAK5 or YSK2 polypeptide. The expressed MLK4, PAK4, PAK5 or YSK2 polypeptide- 

10 FLAGTM epitope fusion product can then be detected and affinity-purified using commercially 
available anti-FLAG™ antibodies. 

The expression vector encoding the MLK4, PAK4, PAK5 or YSK2 fusion protein can 
also be engineered to contain sequences that encode specific protease cleavage sites so that 
the expressed MLK4, PAK4, PAK5 or YSK2 polypeptide can be released from the carrier 

15 region or fusion partner by treatment with a specific protease. For example, the fusion protein 
vector can include DNA sequences encoding thrombin or factor Xa cleavage sites, among 
others. 

A signal sequence upstream from and in reading frame with the MLK4, PAK4, PAK5 
or YSK2 ORF can be engineered into the expression vector by known methods to direct the 

20 trafficking and secretion of the expressed gene product. Non-limiting examples of signal 
sequences include those from a factor, immunoglobulins, outer membrane proteins, 
penicillinase, and T-cell receptors, among others. 

To aid in the selection of host cells transformed or transfected with cloning or 
expression vectors of the present invention, the vector can be engineered to further comprise 

25 a coding sequence for a reporter gene product or other selectable marker. Such a coding 
sequence is preferably in operative association with regulatory element coding sequences, as 
described above. Reporter genes that can be useful in the invention are well known in the art 
and include those encoding green fluorescent protein, luciferase, xylE, and tyrosinase, among 
others. Nucleotide sequences encoding selectable markers are well known in the art, and 

30 include those that encode gene products conferring resistance to antibiotics or anti- 
metabolites, or that supply an auxotrophic requirement. Examples of such sequences include 
those that encode resistance to methotrexate, G418 or mycophenolic acid, among many 
others. 

5.3.2. Host Cells 

35 The present invention further provides transformed host cells comprising a 

polynucleotide molecule or recombinant vector of the invention, and novel strains or cell lines 
derived therefrom. Host cells useful in the practice of the invention are preferably human 
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cells, although other eukaryotic cells or prokaryotic cells can also be used. Such other 
transformed host cells typically include but are not limited to microorganisms, such as 
bacteria transformed with recombinant bacteriophage DNA, plasmid DNA or cosmid DNA 
vectors, or yeast transformed with recombinant vectors, among others. 
5 Appropriate host cells can be chosen that modify and process the gene product in the 

specific fashion desired. Different host cells have characteristic mechanisms for the 
translational and post-translational processing and modification (e.g., glycosylation, 
phosphorylation) of proteins. For example, expression in a bacterial system can be used to 
produce an unglycosylated protein product. Expression and secretion in yeast can produce a 

10 glycosylated protein product. Expression in mammalian cells can be used to ensure "native" 
processing of a protein product. Further, different vector/host expression systems can affect 
processing reactions to different degrees. 

Preferred bacterial cells as host cells are strains of E. coli, e.g., for cloning or 
expression purposes. A strain of E. coli adapted to growth in culture and for cloning 

15 techniques can typically be used, such as, e.g., the DH5a strain, which is available either 
from the American Type Culture Collection (ATCC), Rockville, MD, USA (Accession No. 
31343) or from commercial sources (Stratagene). Preferred eukaryotic host cells include 
human cells, and in particular keratinocytes. although other mammalian cells and yeast cells 
or insect cells can also be utilized effectively. 

20 The recombinant expression vector of the invention is preferably transformed or 

transfected into one or more host cells of a substantially homogeneous culture of cells. The 
expression vector is generally introduced into host cells in accordance with known 
techniques, such as, e.g., by protoplast transformation, calcium phosphate precipitation, 
calcium chloride treatment, microinjection, electroporation, transfection by contact with a 

25 recombined virus, liposome-mediated transfection, DEAE-dextran transfection, transduction, 
conjugation, or microprojectile bombardment. Selection of transformants can be conducted 
by standard procedures, such as by selecting for cells expressing a selectable marker, e.g., 
antibiotic resistance, associated with the recombinant vector, as described above. 

Once the expression vector is introduced into the host cell, the integration and 

30 maintenance of the MLK4-, PAK4-, PAK5- or YSK2-related coding sequence, either in the 
host cell chromosome or episomally, can be confirmed by standard techniques, e.g., by 
Southern hybridization analysis, restriction enzyme analysis, PCR analysis, including reverse 
transcriptase PCR (rt-PCR), or by immunological assay to detect the expected gene product. 
Host cells containing and/or expressing the recombinant MLK4-, PAK4-, PAK5- or YSK2- 

35 related coding sequence can be Identified by any of at least four general approaches which 
are well-known in the art, including: (i) DNA-DNA, DNA-RNA, or RNA-antisense RNA 
hybridization; (ii) detecting the presence of "marker" gene functions; (iii) assessing the level of 
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transcription as measured by the expression of MLK4-, PAK4-, PAK5- or YSK2-specific 
mRNA transcripts in the host cell; and (iv) detecting the presence of mature polypeptide 
product as measured, e.g., by immunoassay. 

5.3.3. Expression And Characterization Of JNKKK Polypeptides 
5 Once the MLK4-, PAK4-, PAK5- or YSK2-reiated coding sequence has been stably 

introduced into an appropriate host cell, the transformed host cell is clonally propagated, and 
the resulting cells are grown under conditions conducive to the maximum production of the 
MLK4-, PAK4-, PAK5- or YSK2-related gene products. Such conditions typically include 
growing cells to high density. Where the expression vector comprises an inducible promoter, 

10 appropriate induction conditions such as, e.g., temperature shift, exhaustion of nutrients, 
addition of gratuitous inducers (e.g., analogs of carbohydrates, such as isopropyl-p-D — 
thiogalactopyranoside (IPTG)), accumulation of excess metabolic by-products, or the like, are 
employed as needed to induce expression. 

Where the expressed MLK4-, PAK4-, PAK5- or YSK2-related gene product is 

15 retained inside the host cells, the cells are harvested and lysed, and the product is isolated 
and purified from the lysate under extraction conditions known in the art to minimize protein 
degradation such as, e.g., at 4°C, or in the presence of protease inhibitors, or both. Where 
the expressed MLK4-, PAK4-, PAK5- or YSK2-related gene product is secreted from the host 
cells, the exhausted nutrient medium can simply be collected and the product isolated 

20 therefrom. 

The expressed MLK4-, PAK4-, PAK5- or YSK2-re!ated gene product can be isolated 
or substantially purified from cell lysates or culture medium, as appropriate, using standard 
methods, including but not limited to any combination of the following methods: ammonium 
sulfate precipitation, size fractionation, ion exchange chromatography, HPLC, density 

25 centrifugation, and affinity chromatography. Where the expressed MLK4-, PAK4-, PAK5- or 
YSK2-related gene products exhibit biological activity, increasing purity of the preparation can 
be monitored at each step of the purification procedure by use of an appropriate assay. 
Whether or not the expressed MLK4-, PAK4-, PAK5- or YSK2-related gene products exhibit 
biological activity, each can be detected as based, e.g., on size, or reactivity with an antibody 

30 otherwise specific for I\/1LK4, PAK4, PAK5 or YSK2, or by the presence of a fusion tag. 

The present invention thus provides a substantially purified or isolated polypeptide 
encoded by a polynucleotide molecule of the present invention. In a specific though non- 
limiting embodiment, the polypeptide is a human MLK4 gene product, or a portion thereof, 
comprising the amino acid sequence of SEQ ID NO:2. In another specific though non-limiting 

35 embodiment, the polypeptide is a human PAK4 gene product, or a portion thereof, comprising 
the amino acid sequence of SEQ ID NO:4. In still another specific though non-limiting 
embodiment, the polypeptide is a human PAK5 gene product, or a portion thereof, comprising 
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the amino acid sequence of SEQ ID NO:6, 8 or 10. In another specific though non-limiting 
embodiment, the polypeptide is a human YSK-2 gene product, or a portion thereof, 
comprising the amino acid sequence of SEQ ID NO:13- The present invention further 
provides substantially purified or isolated polypeptides that are homologous to any of the 
5 MLK4, PAK4, PAK5 or YSK2 gene products of the present invention, as homologous 
polypeptides are defined above. The present invention further provides peptide fragments of 
the MLK4, PAK4, PAK5 or YSK2 gene products or homologous polypeptides of the present 
invention, as peptide fragments are defined above. The substantially purified or isolated 
polypeptides of the present invention are useful for a variety of purposes, such as, e.g., 

10 screening for compounds that interact with MLK4, PAK4, PAK5 or YSK2 proteins, and hence 
are candidates for compounds that affect MLK4. PAK4, PAK5 or YSK2 activity (including the 
events involved in signal transduction), and for raising antibodies directed against MLK4, 
PAK4, PAK5 or YSK2 gene product. Such compounds and antibodies can be used in 
therapeutic methods to treat or prevent UV damage to the skin. 

15 As used herein, a polypeptide is "substantially purified" where the polypeptide 

constitutes the majority (i.e., at least about 50%) by weight of the material in a particular 
preparation. Also, as used herein, a polypeptide is "isolated" where the polypeptide 
constitutes at least about 90 wt% of the material in a particular preparation. Also, as used 
herein, a polynucleotide molecule is "isolated" where it constitutes at least about 90 wt% of 

20 the nucleic acid material in a particular preparation, or where it appears to be separated from 
all other polynucleotide molecules as determined, e.g., by gel electrophoresis techniques. 

The present invention further provides a method of preparing a substantially purified 
or isolated MLK4 gene product, PAK4 gene product, PAK5 gene product, YSK2 gene product 
or peptide fragment of the present invention, comprising culturing a host cell transformed or 

25 transfected with a polynucleotide molecule or recombinant vector of the present invention, 
said recombinant vector comprising a polynucleotide molecule comprising a nucleotide 
sequence encoding the MLK4 gene product, PAK4 gene product, PAK5 gene product, YSK2 
gene product or peptide fragment, respectively, of the present invention, wherein the 
nucleotide sequence is in operative association with one or more regulatory elements, under 

30 conditions conducive to the expression of the particular gene product, polypeptide, or peptide 
fragment, and recovering the expressed gene product, polypeptide, or peptide fragment, from 
the cell culture in a substantially purified or isolated form. 

Once an MLK4, PAK4, PAK5 or YSK2 gene product of sufficient purity has been 
obtained, it can be characterized by standard methods, including by SDS-PAGE, size 

35 exclusion chromatography, amino acid sequence analysis, biological activity such an kinase 
activity, etc. For example, the amino acid sequence of the MLK4, PAK4, PAK5 or YSK2 gene 
product can be determined using standard peptide sequencing techniques. The MLK4, 
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PAK4, PAK5 or YSK2 gene product can be further characterized using hydrophilicity analysis 
(see, e.g., Hopp and Woods, 1981, Proc. Natl. Acad. Sci. USA 78:3824). or analogous 
software algorithms, to identify hydrophobic and hydrophilic regions of the MLK4, PAK4, 
PAK5 or YSK2 gene product respectively. Structural analysis can be carried out to identify 
5 regions of the MLK4, PAK4, PAK5 or YSK2 gene product that assunne specific secondary 
structures. Biophysical methods such as X-ray crystallography (Engstrom, 1974, Biochem. 
Exp. Biol. 11:7-13), computer modeling (Eletterick and Zoller (eds), 1986, in: Current 
Communications in Molecular Biology, Cold Spring Harbor Laboratory, Cold Spring Harbor, 
NY), and nuclear magnetic resonance (NMR) can be used to map and study sites of 
10 interaction between the MLK4. PAK4, PAK5 or YSK2 gene products and their substrates. 
Information obtained from these studies can be used to select specific sites on the MLK4, 
PAK4, PAK5 or YSK2 gene products as potential targets for drug candidates that interact 
with, and alter the activity of, these gene products. 

5.4. Antibodies 

15 The present invention further provides polyclonal and monoclonal antibodies that bind 

to an MLK4 gene product, PAK4 gene product, PAK5 gene product, YSK2 gene product, or 
to an homologous polypeptide or peptide fragment, of the present invention. Such antibodies 
can be used as affinity reagents with which to purify a native MLK4, PAK4, PAK5 or YSK2 
gene product, or to analyze the activity or biological function of the MLK4, PAK4, PAK5 or 

20 YSK2 gene product. 

Antibodies can be raised against any of the MLK4-, PAK4- , PAK5- or YSK2-related 
polypeptides of the present invention. Various host animals, including but not limited to cows, 
horses, rabbits, goats, sheep, and mice, can be used according to known methods to produce 
anti-MLK4. anti-PAK4, anti-PAK5 or anti-YSK2-specific antibodies. Various adjuvants known 

25 in the art can be used to enhance antibody production. 

Polyclonal antibodies can be obtained from immunized animals and tested for anti- 
MLK4, anti-PAK4, anti-PAK5 or anti-YSK2 specificity using standard techniques. 
Alternatively, monoclonal antibodies to an MLK4, PAK4, PAK5 or YSK2 polypeptide can be 
prepared using any technique that provides for the production of antibody molecules by 

30 continuous cell lines in culture. These include but are not limited to the hybridoma technique 
originally described by Kohler and Milstein (Nature, 1975, 256: 495-497); the human B-cel! 
hybridoma technique (Kosbor, et al., 1983, Immunology Today 4:72; Cote, et al., 1983, Proc. 
Natl. Acad. Sci. USA 80: 2026-2030); and the EBV-hybridoma technique (Cole, et al., 1985. 
Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77- 96). Alternatively, 

35 techniques described for the production of single chain antibodies (see, e.g., U.S. Patent 
4,946,778) can be adapted to produce MLK4-, PAK4- , PAK5- or YSK2- specific single chain 
antibodies. These publications are incorporated herein by reference. 
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Antibody fragments that contain specific binding sites for an MLK4, PAK4, PAK5 or 
YSK2 polypeptide are also encompassed within the present invention and can be generated 
by known techniques. Such fragments include but are not limited to F(ab')2 fragments, which 
can be generated by pepsin digestion of an intact antibody molecule, and Fab fragments, 
5 which can be generated by reducing the disulfide bridges of the F{ab')2 fragments. 
Alternatively, Fab expression libraries can be constructed (Huse et al., 1989, Science 246: 
1275-1281) to allow rapid identification of Fab fragments having the desired specificity to the 
MLK4, PAK4, PAK5 or YSK2 polypeptide. 

Techniques for the production of monoclonal antibodies and antibody fragments are 
10 well-known in the art, and are additionally described, among other places, in Harlow and 
Lane, 1988, Antibodies: A Laboratory Manual. Cold Spring Harbor Laboratory; and in J. W. 
Coding, 1986, Monoclonal Antibodies: Principles and Practice, Academic Press, London. All 
of the above-cited publications are incorporated herein by reference. 

5.5. Anti-sense Oligonucleotides And Ribozymes 
15 Also within the scope of the present invention are oligonucleotide sequences that 

include anti-sense oligonucleotides, phosphorothioates and ribozymes that function to bind to, 
degrade and/or inhibit the translation of MLK4, PAK4, PAK5 or YSK2 mRNA. 

Anti-sense oligonucleotides, including anti-sense RNA molecules and anti-sense 
DNA molecules, act to directly block the translation of mRNA by binding to targeted mRNA 
20 and preventing protein translation. For example, antisense oligonucleotides of at least about 
15 bases and complementary to unique regions of the DNA sequence encoding an MLK4, 
PAK4. PAK5 or YSK2 polypeptide can be synthesized, e.g., by conventional phosphodiester 
techniques. 

Ribozymes are enzymatic RNA molecules capable of catalyzing the specific cleavage 
25 of RNA. The mechanism of ribozyme action involves sequence specific hybridization of the 
ribozyme molecule to complementary target RNA, followed by endonucleolytic cleavage. 
Engineered hammerhead motif ribozyme molecules that specifically and efficiently catalyze 
endonucleolytic cleavage of MLK4, PAK4, PAK5 or YSK2 mRNA sequences are also within 
the scope of the present invention. 
30 Specific ribozyme cleavage sites within any potential RNA target are initially identified 

by scanning the target molecule for ribozyme cleavage sites that include the following 
sequences, GUA, GUU, and GUC. Once identified, short RNA sequences of between about 
15 and 20 ribonucleotides corresponding to the region of the target gene containing the 
cleavage site can be evaluated for predicted structural features such as secondary structure 
35 that may render the oligonucleotide sequence unsuitable. The suitability of candidate targets 
can also be evaluated by testing their accessibility to hybridization with complementary 
oligonucleotides using, e.g., ribonuclease protection assays. 
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Both the anti-sense oligonucleotides and ribozymes of the present invention can be 
prepared by known methods. These include techniques for chemical synthesis such as, e.g., 
by solid phase phosphoamite chemical synthesis. Alternatively, anti-sense RNA molecules 
can be generated by in vitro or in vivo transcription of DNA sequences encoding the RNA 
5 molecule. Such DNA sequences can be incorporated into a wide variety of vectors that 
incorporate suitable RNA polymerase promoters such as the T7 or SP6 polymerase 
promoters. 

Various modifications to the oligonucleotides of the present invention can be 
introduced as a means of increasing intracellular stability and half-life. Possible modifications 
10 include but are not limited to the addition of flanking sequences of ribonucleotides or 
deoxyribonucleotides to the 5' and/or 3* ends of the molecule, or the use of phosphorothioate 
or 2'-0-methyl rather than phosphodiesterase linkages within the oligonucleotide backbone. 
5,6, Detection Of JNKKK Gene Products, And Diagnostic And Therapeutic Uses 
5J The MLK4, PAK4, PAK5 and YSK2 polynucleotide molecules, oligonucleotides, and 

y1 15 polypeptides of the present invention, as well as antibodies of the present invention that 

f{ recognize the IVILK4, PAK4, PAK5 or YSK2 polypeptides, are useful in the diagnosis of 

diseases or conditions resulting from alteration in the expression of MLK4, PAK4, PAK5 or 
H YSK2 gene products. Alteration in expression can be either an increase or decrease in 

transcription of the MLK4, PAK4, PAK5 or YSK2 gene, or an increase or decrease in 
j% 20 translation of an MLK4, PAK4, PAK5 or YSK2 gene product. Alternatively, the presence of 

mutations, alleles, or polymorphisms in the MLK4, PAK4, PAK5 or YSK2 gene sequence can 
be correlated with diseases or conditions, including but not limited to increased or decreased 
p susceptibility to skin damage caused by ultraviolet light or other stresses, or psoriasis. 

Nucleic acid-based detection methods are well known in the art and include 
25 hybridization assays (e.g.. Northern and Southern hybridizations, nuclease protection), 
polymerase chain reaction (PGR) assays, and ligation chain reaction (LCR) assays, or 
combinations of the above (e.g., in situ hybridization). Such assays make use of the MLK4, 
PAK4, PAK5 or YSK2 polynucleotides and oligonucleotides of the present invention, including 
complementary sequences, as described above. If analysis of an RNA gene product is 
30 desired, certain assays would typically include a reverse transcription step prior to 
amplification and/or hybridization, as known in the art. Such nucleic acid based techniques 
can be designed by those of ordinary skill in the art to assay the levels of MLK4, PAK4, PAK5 
or YSK2 gene expression, or the presence or absence of particular mutations, alleles or 
polymorphisms. 

35 Protein or polypeptide-based detection methods are also well known to those of 

ordinary skill and include, e.g., immunological assays such as Western blot, 
immunoprecipitation of labeled target, and ELISA assays. These assays use the antibodies 
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of the present invention described above. Again, such assays can measure levels of MLK4, 
PAK4, PAK5 or YSK2 polypeptides expressed by a cell or organism, or the presence of 
mutants, alleles, or polymorphisms in the MLK4, PAK4, PAK5 or YSK2 polypeptides. 

If an abnormal condition is associated with the over- or under-production of an MLK4, 
5 PAK4, PAK5 or YSK2 gene product, the polynucleotides and oligonucleotides of the invention 
can be useful in preventing, ameliorating or otherwise treating of the abnormal condition. For 
example, by introducing gene sequences into cells, gene therapy can be used to treat 
conditions in which the cells express inadequate levels of MLK4, PAK4, PAK5 or YSK2 gene 
product, or express abnormal or inactive MLK4, PAK4, PAK5 or YSK2 polypeptides. In some 

10 instances, abnormal conditions characterized by over-expression of MLK4, PAK4, PAK5 or 
YSK2 gene product can be prevented or treated using the gene therapy techniques described 
below. Specifically, gene therapy vectors can be designed to express anti-sense 
polynucleotides or ribozymes of the present invention as described above, thereby reducing 
the amount of MLK4, PAK4, PAK5 or YSK2 gene products that are effectively translated into 

1 5 polypeptide. 

Expression vectors derived from viruses such as retroviruses, vaccinia virus, adeno- 
associated virus, herpes viruses, or papilloma virus can be used for delivery of recombinant 
MLK4, PAK4, PAK5 or YSK2 polynucleotides into the targeted cell population. Methods that 
are well known to those skilled in the art can be used to construct recombinant viral vectors 

20 containing an MLK4, PAK4, PAK5 or YSK2 polynucleotide. See, for example, the techniques 
described in Maniatis et al., 1989, Molecular Cloning A Laboratory Manual, Cold Spring 
Harbor Laboratory, N.Y.; and Ausubel et al., 1989, Current Protocols in Molecular Biology, 
Greene Publishing Associates and Wiley Interscience, N.Y. Alternatively, recombinant, non- 
viral vectors containing an MLK4, PAK4, PAK5 or YSK2 polynucleotide can be reconstituted 

25 into liposomes for delivery to target cells, or can be delivered as a naked polynucleotide, such 
as, e.g., in a "DNA Vaccine," to name just a few examples. 

5.7. Drug Screening Applications 
MLK4, PAK4, PAK5 and YSK2 gene products, including polynucleotides, 
oligonucleotides and polypeptides, can be used in screening assays to identify compounds 

30 that specifically bind to MLK4. PAK4, PAK5 or YSK2 gene products, and thus have potential 
use as agonists or antagonists of MLK4, PAK4, PAK5 or YSK2 polypeptides, respectively. In 
a particular preferred use, the polynucleotides and polypeptides of the invention are useful to 
screen for compounds that affect the kinase activities of MLK4. PAK4, PAK5 or YSK2 
polypeptides. 

35 The invention thus provides assays to detect molecules that specifically bind to 

MLK4, PAK4, PAK5 or YSK2 polypeptides. For example, recombinant cells expressing an 
MLK4, PAK4, PAK5 or YSK2 polynucleotide can be used to recombinantly produce an MLK4, 
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PAK4, PAK5 or YSK2 polypeptide, respectively, and to screen for molecules that bind to an 
MLK4, PAK4, PAK5 or YSK2 polypeptide, respectively. Methods that can be used to carry 
out the foregoing are commonly known in the art. 

Diversity libraries, such as random or combinatorial peptide or non-peptide libraries 
5 can be screened for molecules that specifically bind to an MLK4, PAK4, PAK5 or YSK2 
polypeptide. Many libraries are known in the art that can be used such as, e.g., chemically 
synthesized libraries, recombinant (e.g., phage display) libraries, and in vitro translation- 
based libraries. 

Examples of chemically synthesized libraries are described in Fodor et aL, 1991, 
10 Science 251:767-773; Houghten et al., 1991, Nature 354:84-86; Lam et al., 1991, Nature 
354:82-84; Medynski, 1994, Bio/Technology 12:709-710; Gallop et al.. 1994, J. Medicinal 
Chemistry 37(9):1 233-1 251; Ohimeyer et al., 1993, Proc. Natl. Acad, Sci. USA 90:10922- 
10926; Erb et al., 1994, Proc. Natl. Acad. Sci. USA 91:11422-11426; Houghten et al., 1992, 
Biotechniques 13:412; Jayawickreme et al., 1994, Proc. Natl. Acad. Sci. USA 91:1614-1618; 
15 Salmon et a!., 1993, Proc. Natl. Acad. Sci. USA 90:11708-11712; PCT Publication No. WO 
93/20242, dated October 14, 1993; and Brenner and Lerner, 1992, Proc. Natl. Acad. Sci. USA 
89:5381-5383. 

Examples of phage display libraries are described in Scott and Smith, 1990, Science 
249:386-390; Devlin et al., 1990, Science, 249:404-406; Christian, R.B. et al., 1992, J. Mol. 

20 Biol. 227:711-718; Lenstra, 1992, J. Immunol. Meth. 152:149-157; Kay et at., 1993, Gene 
128:59-65; and PCT Publication No. WO 94/18318, dated August 18, 1994. 

In vitro translation-based libraries include but are not limited to those described in 
PCT Publication No. WO 91/05058, dated April 18, 1991; and Mattheakis et al., 1994, Proc. 
Natl. Acad. Sci. USA 91 :9022-9026. 

25 In one example, non-peptide libraries, such as a benzodiazepine library (see e.g., 

Bunin et al., 1994, Proc. Natl. Acad. Sci. USA 91:4708-4712), can be screened. Peptoid 
libraries, such as that described by Simon et al., 1992, Proc. Natl. Acad. Sci. USA 89:9367- 
9371, can also be used. Another example of a library that can be used, in which the amide 
functionalities in peptides have been permethylated to generate a chemically transformed 

30 combinatorial library, is described by Ostresh et al. (1994, Proc. Natl. Acad. Sci. USA 
91:11138-11142). 

Screening the libraries can be accomplished by any of a variety of commonly known 
methods. See, for example, the following references, which disclose screening of peptide 
libraries: Parmley and Smith, 1989, Adv. Exp. Med. Biol. 251:215-218; Scott and Smith. 1990, 
35 Science 249:386-390; Fowlkes et al., 1992, BioTechnlques 13:422-427; Oldenburg et at., 
1992. Proc. Natl. Acad. Sci. USA 89:5393-5397; Yu et al„ 1994, Cell 76:933-945; Staudt et 
al.. 1988, Science 241:577-580; Bock et al., 1992, Nature 355:564-566; Tuerk et al., 1992, 
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Proc. Natl. Acad. Sci. USA 89:6988-6992; Ellington et al., 1992, Nature 355:850- 852; U.S. 
Patent No. 5,096,815, U.S. Patent No. 5,223.409, and U.S. Patent No. 5.198,346, all to 
Ladner et al.; Rebar and Pabo, 1993, Science 263:671-673; and PCT Publication No. WO 
94/18318. 

5 In a specific ennbodiment, screening can be carried out by contacting the library 

members with an MLK4, PAK4, PAK5 or YSK2 polypeptide immobilized on a solid phase and 
harvesting those library members that bind to the polypeptide. Examples of such screening 
methods, termed "panning" techniques, are described by way of example in Parmley and 
Smith, 1988, Gene 73:305-318; Fowlkes et al., 1992, BioTechniques 13:422- 427; PCT 

10 Publication No. WO 94/18318; and in other references cited hereinabove. 

In another embodiment, the two-hybrid system for selecting interacting proteins in 
yeast (Fields and Song, 1989, Nature 340:245-246; Chien et al., 1991. Proc. Natl. Acad. Sci. 
USA 88:9578-9582) can be used to identify molecules that specifically bind to an MLK4, 
PAK4, PAK5 or YSK2 polypeptide within a cell. 

15 In another aspect of the invention, methods for screening candidate compounds for 

drugs are provided. Such drugs can be used to reduce ultraviolet light-induced damage, 
inflammation and psoriasis, and enhance wound healing in a subject. The subject is an 
animal, typically a mammal, preferably a human. 

For example, one can screen for compounds that affect the expression of an MLK4, 

20 PAK4, PAK5 or YSK2 gene product of the present invention by: (a) applying a test compound 
to a test sample; (b) determining the expression of at least one MLK4, PAK4, PAK5 or YSK2 
gene product in the test sample; and (c) comparing the expression of the gene in the test 
sample with that in a reference sample. A specific change in the cellular level of the gene 
product in the test sample as compared to the reference sample indicates that the compound 

25 affects the cellular level of gene product from a JNKKK gene. By the term "a specific change 
in the cellular level of the gene product" is meant that the change in level occurs without 
alteration of overall transcription or translation levels in the cell (depending upon the gene 
product assayed). For example, when mRNA is measured, a compound that causes a 
"specific change" is not a compound that is a general transcriptional repressor. Similarly, for 

30 example, when protein levels are assayed, a compound that causes a "specific change" is not 
a general translational repressor. One can determine whether global effects on transcription 
or translation occur in the presence of a test compound by assaying for a control 
housekeeping gene product (e.g.. glucose-6- phosphate dehydrogenase gene product or the 
actin gene product, to name just two examples). 

35 One can also assay the effect of a test compound on the expression or cellular 

response of the MLK4, PAK4. PAK5 or YSK2 gene or polypeptide in the presence of, or in 
response to, a stress event. The stress event applied to the cells can be exposure to 
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ultraviolet radiation. Preferred ultraviolet radiation can be UV-A with a wavelength in the 
range of 320-400 nm, or UV-B with a wavelength in the range of 280-320 nm, or UV-C with a 
wavelength in the range of 200-280 nm. Other types of stress events applied to the sample 
for screening purposes can be exposure to inflammatory cytokines such as TNF-a. IL-1, 
5 interferons, FGFs or PDGF. Still other types of stress events are heat shock, osmotic shock, 
exposure to toxic chemicals such as arsenic, disruption of the permeability barrier (e.g., with 
solvents), etc. 

In one preferred embodiment, the method of drug screening comprises: (a) applying 
a test compound to a test sample; (b) exposing the test sample and a reference sample to a 
10 stress event; (c) determining the expression of at least one gene product in the test sample, 
wherein the transcript of the gene product comprises a sequence selected from the group 
consisting of SEQ ID NOS: 1, 3, 5, 7, 9, 11 and 12; and (d) determining the effectiveness of 
CJ the test compound in blocking or otherwise modulating the cellular response to the stress 

event by comparing the expression of the gene product In the test sample with that in the 
m 15 reference sample. If the test compound significantly reduces the expression of the transcript 

^ in response to the stress event, the test compound is identified as a drug candidate that may 

;/= be potentially effective in blocking the cellular response to the stress event. The expression 

=^-=J of the MLK4, PAK4, PAK5 or YSK2 gene product can be determined using any of the 

methods described above. The most preferred gene products for use in this assay are the 
20 PAK5 and YSK2 gene products. 

In another preferred embodiment, the method of drug screening entails: (a) applying 
a test compound to a test sample; (b) applying a stress event to the test sample; and (c) 
□ determining the amount of an MLK4, PAK4, PAK5 or YSK2 polypeptide In the test sample 

and in a reference sample, wherein the MLK4. PAK4, PAK5 or YSK2 polypeptide comprises 
25 an amino acid sequence selected from the group consisting of: SEQ ID NOS: 2, 4, 6, 8, 10 
and 13; wherein a reduction in the amount of the MLK4, PAK4, PAK5 or YSK2 polypeptide in 
the test sample as compared to that in the reference sample indicates that the test compound 
is identified as a drug candidate that can potentially block the stress response. 

Still another aspect of the invention is a method of screening for compounds that 
30 affect the activity of an MLK4, PAK4, PAK5 or YSK2 polypeptide. One can apply a test 
compound to a test sample and determine the activity of the MLK4, PAK4, PAK5 or YSK2 
polypeptide in the test sample compared to that in a reference sample. A test compound that 
alters the MLK4, PAK4, PAK5 or YSK2 polypeptide activity in the test sample as compared to 
the reference sample is identified as a drug candidate that can potentially affect the activity of 
35 the MLK4, PAK4, PAK5 or YSK2 polypeptide. Each of the full-length MLK4, PAK4, PAK5 and 
YSK2 polypeptides is a kinase; thus, the activities of these polypeptides include kinase 
activity and binding to ATP and its analogs. Other activities include the ability to interact with 
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activators that activate MLK4, PAK4, PAK5 or YSK2 polypeptide kinase activity, interaction 
with downstream target proteins, and interaction with inhibitors via the amino-terminal 
regulatory domain. 

In another preferred embodiment, the activity of MLK4, PAK4, PAK5 or YSK2 
5 polypeptides, such as kinase activity, binding to ATP and its analogs, or activation of 
downstream target protein, can be assayed in the test and reference samples in response to 
application of a stress event, and compared, to predict the effectiveness of the drug 
candidate. If the drug candidate prevents the induction of the function of the MLK4, PAK4, 
PAK5 or YSK2 polypeptide by a particular stress event, such as ultraviolet radiation, the drug 

10 candidate can be effective at blocking the stress response. 

In some preferred embodiments, the test and reference samples are cultured cells, 
tissues or organs. In other preferred embodiments, the test and reference samples are live 
animals. In a particularly preferred embodiment, a small biopsy of human skin (e.g., about 5 
mm^) is placed in culture and treated with, e.g., ultraviolet radiation, one or more growth 

15 factors, cytokines, drugs, hormones or vitamins. After a defined period of time (typically 24- 
48 hours when the treatment is ultraviolet radiation), the biopsy is tested for expression of the 
MLK4, PAK4, PAK5 or YSK2 gene product, or for activity of the MLK4, PAK4, PAK5 or YSK2 
polypeptide. 

The invention having been described, the following examples are offered by way of 
20 illustration and not limitation. 

6. Example: Cloning Of The YSK2, MLK4, PAK4 And PAK5 cDNAs 
This example illustrates the methods used to clone the novel JNKKKs of the 
invention. 

6.1. Materials And Methods 

25 Normal human foreskin epidermal keratinocytes were a generous gift from Dr. M. 

Simon of the State University of New York at Stony Brook. The cultures were initiated using 
3T3 feeder layers and then frozen in liquid nitrogen until used. Once thawed, the 
keratinocytes were grown without feeder cells in defined serum-free keratinocyte growth 
medium (KGM), supplemented with bovine pituitary extract epidermal growth factor, insulin, 

30 thyroid hormone and hydrocortisone (keratinocyte-SFM, GIBCO). 

Messenger RNA from the keratinocytes was used for reverse transcription 
polymerase chain reaction (RT-PCR) amplification with an RT-PCR kit (Promega Corp., 
Madison, Wisconsin). Primers corresponding to regions of homology between the kinase 
domains of JNKKs or JNKKKs were designed to amplify a 150 bp PGR products from 

35 keratinocyte mRNA using RT-PCR. The primers contain the following sequences that 
correspond to the regions of the kinase domain. 

Forward: 5'-ATGCA(CA)CANGA(CT)AT(ACT)AA(AG)-3* (SEQ ID NO:14) 
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Reverse: 5'-GCNAC(CT)TCNGGNGCCATCCA-3' (SEQ ID NO:15) 

The actual primers used for RT-PCR also contained cloning sites. Their sequences 
are as follows: 

Forward: 5'-CCCGAATTCATGCA{CA)CANGA(CT)AT(ACT)AA(AG)-3' 
5 (SEQ ID NO:16) 

Reverse: 5*-CCCGAATTCGCNAC(CT)TCNGGNGCCATCCA-3' 

(SEQ ID NO: 17) 
The PGR products were sub-cloned and sequenced. 

6.2. Results 

10 Among the seventy different clones sequenced, ten different JNKKKs were identified, 

four of which appeared to be novel. An amino acid sequence comparison against the protein 
databases in the European Molecular Biology Network (available at HYPERLINK 
http://www.expasy.ch; http://www.expasy.ch; http://www.ch.embnet.org) with other JNKKKs 
revealed that the four novel JNKKKs exhibited some degree of homology to various known 

15 JNKKKs from several different families. One JNKKK clone was 91% identical at positions 12- 
131 to a 134 base region of the murine YSK2 gene sequence (corresponding to positions 
503-384 of emb: U49949. Osada et al., 1997, Oncogene 14:2047-2057); hence, this clone 
was designated as the human keratinocyte YSK2 (SEQ ID NO:12). Additionally, two human 
expressed sequence tags (ESTs) were related to the human keratinocyte YSK2. Specifically, 

20 Human EST emb:/\A557573 (NCI-CGAP, "National Cancer Institute, Cancer Genome 
Anatomy Project (CGAP), Tumor Gene Index http://www.ncbi.nlm.nih.gov/ncicgap," 
Unpublished.) showed a 96% identity with the human YSK2 gene sequence (SEQ ID NO:12) 
in a 137 bp region corresponding to positions 6-142 of SEQ ID NO: 12 and positions 32-168 of 
emb:AA557573. Human EST emb:/KA578088 (NCI-CGAP, "National Cancer Institute, Cancer 

25 Genome Anatomy Project (CGAP), Tumor Gene Index http://www.ncbi.nlm.nih.gov/ncicgap," 
Unpublished.) also showed a 96% identity with the SEQ ID NO:12 in a 136 bp region 
corresponding to positions 6-141 of SEQ ID NO:12 and positions 35-170 of emb:/\A578088. 

Another JNKKK clone, designated MLK4 (SEQ ID NO:1), was 50% to 78% identical 
to members of the MLK family of JNKKKs. Finally, two JNKKK clones, designated PAK4 

30 (SEQ ID NO:3) and PAK5 (SEQ ID NO:5), showed similar identity to members of the PAK 
family of JNKKKs, However, no homolog sequences could be found in the European 
Molecular Biology Network protein database for either MLK4 or PAK5. Although initial 
sequence searches of PAK4 indicated it was a new member of the PAK gene family, during 
the course of this work, the complete sequence of human PAK4 was published (Abo et al., 

35 1998. EMBO J 22:6527-6540). 

The relative abundance of the different identified JNKKKs is shown below in TABLE 1 

below. 
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Table 1 

ABUNDANCE OF DIFFERENT JNKKKS 
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51 
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*LIMK is a protein kinase, related to, but not a nnennber of, the JNKKK family. 
5 Frangiskakis et al., 1996, Cell 86:59-69. BPAG1 is an abundant protein in basal 
keratinocytes. Its mRNA contains two segments recognized by the 8 bases at the 3' termini 
of our oligonucleotides. 

The RT-PCR products (SEQ ID NOS:1. 3, 5, 12) of the MLK4, PAK4, PAK5 and 
YSK2 mRNAs were used as probes for Northern Hybridization to mRNAs from heart, brain, 
10 placenta, lung, liver, skeletal muscle, kidney and pancreas. Figure 2 shows that the 
expression of the PAK4 gene is ubiquitous among the organs tested. However, the PAK5 
gene is strongly expressed in keratinocytes and In the brain, but not expressed, or only 
weakly expressed, in placenta, lung, liver, skeletal muscle, kidney and pancreas. The MLK4 
gene is expressed in keratinocytes, kidney and pancreas, but not in the brain, placenta, lung, 
15 liver, and skeletal muscle. The size of the transcripts of PAK4, PAK5 and MLK4 are 3.4, 4.4 
and 4.8 kb, respectively. 

7. Example: Genomic Sequence Of The PAK5 Gene 
Oligonucleotides 5*-GAGTGACTCCATCCTGC-3' (SEQ ID NO: 18) and 5'- 
GTAGGGGGTTCCCACCA-3' (SEQ ID NO: 19) were used to identify a genomic clone from a 
20 commercially available PI human library (Genome Systems, Inc., St. Louis, MO) that 
contained the PAK5 gene. The PI genomic clone was partially sequenced, and additional 
coding sequence deduced. The polynucleotide sequence, with deduced exons indicated, is 
presented as SEQ ID NO:7. SEQ ID NO:8 presents the deduced amino acid sequence from 
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the partial genomic sequence. A partial schematic structure of the PAK5 gene is depicted in 
Figure 1 . A PLC-2 gene was found to be linked to the PAK5 gene in the P1 clone. The PLC- 
2 gene has been mapped to chromosome 15; thus, the PAK5 gene also must reside on 
chromosome 15. 

5 The deduced amino acid sequence of the PAK5 protein (SEQ ID NO:8) is very similar 

to that of PAK4 (SEQ ID NO:4), especially in the kinase domain (amino acid residues 93 to 
311 in SEQ ID NO:8). The kinase domains of any of the JNKKKs of the present invention 
have utility as enzymatically active domains to phosphorylate substrates. The sequence of 
the PAK5 kinase domain contains a conserved lysine (K) residue that is essential for ATP 
10 binding (amino acid residue 120 in SEQ ID NO:8). By analogy with PAK4. mutations that 
change this lysine residue in PAK5 to alanine or methionine residues will abolish PAK5 
enzymatic activity, while mutations that change the lysine residue to a glutamine will make a 
full length PAK5 protein constitutively active. Less homology between PAK4 and PAK5 is 
observed outside of the kinase domain. The 21 residue carboxy terminal extension of PAK5 
15 is 4 amino acids longer than that of PAK4. Additionally, the available amino terminal 
sequences of the PAK5 protein bear no similarity to any known protein other than PAK4. 
Thus, both the carboxy terminal and the amino terminal regions of the PAK5 protein will be 
particularly useful in generating antibodies that immunospecifically recognize PAK5. 

The ORF of the complete human cDNA sequence of PAK5 is presented In SEQ ID 
20 NO:9 from nt 199-2244. The complete DNA sequence for the human PAK5 gene is 
presented in SEQ ID NO: 10, with the ORF from nt 6125-17433. 

8. Example: Ultraviolet Radiation-Induced Expression Of YSK2 And PAK5 mRNA 
In this example, the effect of various wavelengths of ultraviolet radiation on the 
expression of the novel JNKKKs was Investigated. The effects of both UV-C light (short 
25 wavelength ultraviolet radiation of 220 to 290 nm) and UV-A light ( long wavelength ultraviolet 
radiation of 320 to 400 nm) were separately analyzed. 

Keratinocytes were grown as described in Section 6.1, above. The cells were 
expanded through two 1 :4 passages before illumination with 3-10 mJ/cm2 of UV-C light or 1-5 
J/cm2 of UV-A light. Cells were han/ested 6 or 24 hours after exposure. PolyA mRNA was 
30 purified from the cells using kits from Qiagen. 

Figure 3A shows that the YSK2 gene is induced by UV-C light. Keratinocytes were 
exposed to 10 mJ/cm2 of UV-C light. Messenger RNAs from control and UV-C light- treated 
cells were separated by electrophoresis and transferred to a membrane by Northern blotting. 
The membrane was then hybridized using the 190 bp YSK2 RT-PCR product labeled with 
35 ^^P-dNTPs as the probe. As Figure 3A shows, the expression of the YSK2 gene in 
keratinocytes was greatly enhanced by UV-C light exposure. 

Figure 3B shows that the PAK5 gene Is induced by UV-A light treatment. Human 
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keratinocytes were exposed to UV-A light (5 nnJ/cm2), harvested, and mRNA prepared from 
the cells. The levels of PAK4 and PAK5 mRNA in treated and untreated cells were connpared 
using differential display. Liang and Pardee, 1992, Science 257:967-71. Amplification was 
performed using primer SEQ ID NOS:14 and 15, or SEQ ID NO: 16 and 17, above. The 
resulting amplified DMA was then digested with restriction enzyme TaqI to reveal specifically 
the PAK4 and the PAK5 DNAs. The results demonstrate that PAK5 is induced by ultraviolet 
radiation. 

Differential display experiments (Figures 3A and 3B) show that expression of both 
YSK2 and PAK5 genes are induced by ultraviolet radiation. However, induction of the two 
genes is dependent upon the wavelength of the ultraviolet radiation. YSK2 gene expression 
is induced by UV-C, which is the short wavelength ultraviolet radiation (220 to 290 nm). In 
contrast, the PAK5 gene expression is induced by UV-A, which is the long wavelength 
ultraviolet radiation (320 to 400 nm). The induction of YSK2 and PAK5 gene expression by 
ultraviolet radiation suggests that the products of the two genes are involved in the signal 
transduction cascade that transduces extracellular ultraviolet radiation (or other stress 
signals). Although MLK4 and PAK4 mRNA gene expression were not induced by ultraviolet 
radiation in these experiments, this fact cannot rule out a role in the keratinocyte response to 
light or other stresses. These gene products can be involved in the early cellular events in 
response to stress prior to any changes in gene expression. 

The foregoing written specification is sufficient to enable one skilled in the art to 
practice the invention. Indeed, various modifications of the above-described means for 
carrying out the invention which are obvious to those skilled in the field of molecular biology, 
medicine or related fields are intended to be within the scope of the following claims. 

All references referred to herein above are incorporated herein by reference in their 

entirety. 



